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INTRODUCTION

Methylene chloride is one of the family of chemicals known as
chlorinated hydrocarbons and has the chemical formula CH,Cl,. It has
several chemical synonyms and trade names including: dicﬁ]o?ometh ne,
metﬁy]ene dichéoride, metaane dichloride, Aerothene NM, Somethine”,
F30", Freon 30", and F-30". It is used in California in the following
products and processes: paint removers, aerosols, degreasing
operations, pesticide manufacturing and use, photographic film
processing, pharmaceuticals, food processing, chemical processing and
production, and photoresist stripping. Methylene chloride is also used
in a variety of miscellaneous applications primarily for its solvent
properties.

This report is an evaluation of methylene chloride uses, emission
sources, ambient and indoor concentrations, and population exposure in
California. Also included are discussions of the atmospheric fate and
the physical properties of methylene chloride. The Air Resources Board
will consider the findings of this report together with the health
related effects findings of the Department of Health Services to
determine if methylene chloride should be identified as a toxic air
contaminant (TAC).

The ARB is the state agency responsible for the identification of
TACs in their non-pesticidal uses. State law defines a TAC as an air
pollutant which the Air Resources Board (ARB) or the Department of Food
and Agriculture (DFA) finds "...may cause or contribute to an increase
in mortality or an increase in serious illness, or which may pose a
present or potential hazard to human health" (California Health and
Safety Code Section 39655).

Because all of the methylene chloride consumed for many use .
categories is emitted to the atmosphere, annual emissions in California
are significant. Once in the atmosphere methylene chloride is
persistent with an atiospheric lifetime which may be on the order of
several months. The ARB's monitoring network has detected methylene
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chloride throughout the state. Monitoring results show that the highest
concentrations occur in the South Coast Air Basin where the majority of
the state's identified emission sources and roughly 40 percent of the
state's population are located.

This report presents estimates of the general population's
exposure to methylene chloride. The results show that people living
within the studied areas (approximately 80 percent of the state's
population) are exposed to airborne methylene chloride throughout the
year. Because there is some uncertainty about the absolute
concentrations that people are exposed to, a range of concentrations is
presented. In addition, exposure was estimated for people living near
methylene chloride emission sources in the South Coast Air Basin.
Modeling results show that people living near emission sources are
exposed to levels of methylene chloride that are higher than average
concentrations in that air basin.

Although the data are limited, it appears that indoor exposure to
methylene chloride as well as exposure from the use of consumer products
may represent the most important source of exposure for some people.
However, in order to adequately characterize these exposures will
require further research. '
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II.

XPOSUR METHYLEN 0

A.  AMBIENT MONITORING IN CALIFORNIA

In January 1985, the Air Resources Board (ARB) initiated ambient
monitoring for methylene chloride at 20 monitoring stations located
throughout California. ARB's monitoring and Laboratory Division (MLD)
carried out the sampling and analysis for the nine monitoring stations
located in southern California and for the eleven monitoring stations
located in northern California.

For each monitoring station, approximately two samples are taken
each month. Samples are collected in 30 liter Tedlar bags over a
twenty-four hour period using a low volume sampler. Samples are
subsequently preconcentrated and analyzed by gas chromatography
employing an electron capture detector. Resultant peaks are identified
by retention time and quantified by reference to calibration standards.
The ARB's 1imit of detection (LOD) for the analytical method for
methylene chloride has been determined to be 1.0 ppb. The precision for
the analytical method has been determined and shows that one standard
deviation for the analysis is on the order of +10 percent. However, the
overall error associated with the sampling and analysis method has not
been determined. The standard operating procedures for the sampling and
analysis conducted by ARB are provided in Appendix I.

Monitoring data for the time period of January 1985 through March
1987 have been evaluated for this report. At each monitoring station
there are some months for which no data have been reported. For these
months either no samples were collected or laboratory staff have judged
that the sampling and analysis did not meet ARB's quality control
criteria and therefore the data were deleted. Table II-1 presents the
months for which data are available and the total number of samples
reported for each station during the twenty-seven month period.

B.  CONCENTRATIONS IN CALIFORNIA

Since the monitoring network was instituted in January of 1985,
methylene chloride has been detected at each of the 20 monitoring
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TABLE 11-1

SUMMARY OF AVAILABILITY OF METHYLENE CHLORIDE DATA

DURING JANUARY 1885 THROUGH

MARCH 1987¢

Air Basin 1 985 1 386 9 8 7 $ of
Site Location JEMAMJIJASOND JEMAMIJIASOND JEM Samples
S OUTHER RN CALIPFPFORNTIA A S 1 TES
SOUTH COAST AIR BASIN:
El Monte eeeree0060es ®Osqeessesee eee 68
Los Angeles 280008000000 sCeevececsee see 55
No. Long Beach eseess000esse s0evseeesooe see 53
Riverside 208008 RGeS seevssvconee ese 52
Upland eeeeeo0C00es ®%cecscecoce sse 54
SOU H CENTRAL COAST AIR BASIN:
Santa Barbara 200 ee000C8 eSS sCevessesene seo 48
Siai Valley ®s00000008S essevsessecs see 56
SAN DIZGO AIR BASIN:
Caula Vista S089080000800 eCssetssnese sese 56
El Cajon 960 8e0C00 e 3000 es0 0000 cse 53
NORTHERN CALIFORNTIA® Z SI1ITE
SAN FRANCISCO BAY AREA AIR BASIN:
Concord 0000000eS e 00008080800 see 24
Framont 0000 CC0Osenee [ X YoJoToX Yo¥oX Y X Xo! see 26
Richmond C00000OseseE 0e000Ceesss O sse 29
San Francisco ©C00000CeOs RS O8000Ceevsee e Cee 19
San Jose 0C0O000Cee eSS €0000Ce00sese coe 28
SAN JOAQUIN VALLEY AIR BASIN:
Bakersriield “OC00000ess S 0800080880000 °0Ce 33
Fresno leToYoYoloYol-T Y ¥ ¥ ¥ ®e000C00SCGRS XX} 32
Merced foYeYoTeTelol-T Y Y XY 0800000 eesce 'YX ) 26
Modesto O000000esese (X YoloToY Yo Y XY X X e¢e 28
Stockton 0000000 seeee ®0000esss00e soe 34
SACRAMENTO VALLEY AIR BASIN:
Citrus Heights o©o0o0cCOOOCsesse ©800080Ces0 00 see 31

* A solid dot indicates at least one sample is avaﬁlaole for

that par;1cu1ar month.
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stations in California. Summary statistics have been compiled using all
the available monitoring data for the twenty-seven month period covering
January 1985 through March 1987.

As stated earlier, for each of the monitoring stations there are
months for which data are not available. Thus, the number of samples
representing each month of the year for each station is variable. For
instance, no data are available for the second calendar quarter at the
Merced station for 1985, 1986 and 1987. 1If a seasonal variation of the
ambient concentration occurs each year, the variation in the number of
samples available for each month could bias the overall mean
concentration. However, after evaluating the monthly means in each air
basin, ARB staff did not detect any discernable seasonal variation in
the ambient concentration of methylene chloride.

For each monitoring statijon Table II-2 reports the number of
samples in the data base, the mean concentration for the samples, the
peak 24-hour average concentrations measured, the percentage of samples

below the LOD, and an estimate of the concentration of the samples below
the LOD.

The number of samples available at each station ranges from 19 to
68 with a total of 797 samples reported for the 20 station network.
Forty-eight percent of the 797 samples are below the LOD . However, for
individual monitoring stations the percentage of samples below the LOD
ranges from 16 percent at the E1 Monte station to 91 percent at the
Stockton station. In general, northern California stations have a
higher percentage of samples below the LOD than do scuthern California
stations.

Calculation of mean concentrations for stations is complicated by
the presence of concentrations below the LOD. The concentrations below
the LOD must be somehow included in the calculation although their exact
values are not known.

Staff has used a method proposed by Gleit (1985) to calculate the
means. Gleit's method assumes that the sample of concentrations is a
random sample from a normal distribution. Data that are judged not to
be normally distributed may be transformed to approximate normality.
Inspection of the methylene chloride data suggested that they were
lognormally distributed, and Gleit's method was applied to the
logarithms of these data. The calculated means were then transformed
back to the original units.

Gleit's method accounts for the concentrations below the LOD by
setting them equal to the "below-L0D mean", the mean of the portion of
the normal distribution below the LOD. Setting the unknown
concentrations to their average value seems intuitively reasonable, and



TABLE 11-2

SUMMARY STATISTICS OF THE JANUARY 1985 THROUGH MARCH 1987
METHYLENE CHLORIDE MONITORING DATA

Percentage Estimated
Air Basin Namber of Mean a Peak of Sarrplesb Concentration
Site Location Samples Concentration Concentration Below LOD for Samles
(ppb) (ppb) belonbthe
LoD
(pob)
L3
SOUTHERN CAL IFORNIA SITES
SOUTH QOAST AIR BASIN:
El Monte 63 2.5 7.0 16 0.8
Los Angeles 85 2.1 9.2 20 0.7
North Long Beach 53 2.2 7.0 19 0.7
Riverside 62 1.6 6.0 42 0.6
Upland 54 1.8 S.0 30 0.7
BASIN AVERAGE: 56 2.0 25 0.7
SOUTH CENTRAL COAST AIR BASIN:
Santa Barbara 48 1.9 21.0 50 0.5
Siml Valley 56 1.4 5.0 46 0.6
BASIN AVERAGE: 51 1.7 48 0.6
SAN DIE®RD AIR BASIN:
Chula Vista 56 1.8 12.0 K<) 0.6
El Cajon 50 1.5 5.0 46 0.6
BASIN AVERAGE : 53 1.7 42 0.6
NORTHERN CAL IFORNIA SITES
SAN FRANC!SCO BAY AREA AIR BASIN:
Concord 24 NA 2.0 75 NA
Fremont 2 1.8 7.0 50 0.5
Richmond X 0.8 2.0 6 0.6
San Francisco 19 0.5 4.0 84 0.2
San Jose 28 1.1 4.0 57 0.6
BASIN AVERAGE: 25 1.0 66 0.5
SAN JOAQUIN VALLEY AIR BASIN:
Bakersfield 0 1.6 6.0 43 0.6
Fresno 32 1.0 5.0 65 0.5
Merced 26 0.4 3.0 88 0.1
Modesto 28 0.5 3.0 8 0.2
Stockton 34 0.4 2.0 91 0.3
BASIN AVERAGE: c 30 0.8 75 0.3
SACRAMENTO COUNTY ~:
Cltrus Heights 31 0.5 3.0 87 0.2

Glelt’'s method was used to estimate the concentration of samples below the
quantitation iimit. NA Indicates the site data were not appropriate for the
method and no value could be calculated.

LOD is the limit of quantitation of the analysis method. The LOD for all
samples is 1.0 part per billion.

Since there is only one monltoring statlon located in the Sacramento Valley
Air Basin, the concentration was estimated for Sacramento County.
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the simulations reported in Gleit's paper show that his method is more
accurate than other commoniy used approximations. A detailed
description of the method used to estimate the concentration of data
below the LOD is provided in Appendix II.

The values for samples below the LOD estimated by this method range
from 0.1 ppb to 0.8 ppb. The specific values for each station are shown
in Table II-2. Note that as the percentage of samples above the LOD
increases the estimated value for the samples below the LOD also
increases. Gleit's method could not be applied to the data from the
Concord station because the data above the LOD exhibit little or no
variation, which is necessary for the application of the method.

The mean concentration for the monitoring stations ranges from 0.4
ppb at the Merced and Stockton sites to 2.5 ppb at the E1 Monte site.
The mean concentrations of the data reported for each monitoring station
are displayed in Table II-2. Mean concentrations calculated for the
southern California stations are generally higher than those calculated
for the northern California stations. The overall mean for the southern
California stations is 1.9 ppb compared with 0.8 ppb for the northern
California stations.

In addition to reporting the mean concentration for each monitoring
station, Table II-2 also reports the peak 24-hour average
concentrations. The peak concentrations range from 2.0 ppb at the
Concord, Richmond, and Stockton stations to 21.0 ppb at the Santa
Barbara station.

The observation that methylene chloride concentrations tend to be
higher at southern California stations, particularly in the South Coast
Air Basin (SCAB), is consistent with what is known about the uses and
emissions of methylene chloride. First, the majority of the state's
large methylene chloride emissions sources identified thus far are
located in the SCAB. Second, about 40 percent of the state's population
is located in the SCAB and since the amount of methylene chloride
consumed for several use types is proportional to population, emissions
from these uses would be expected to be concentrated in the SCAB.
Therefore, the mean concentrations as well as the peak concentrations of
methylene chloride are expected to be higher for stations in the SCAB.
Chapter III of this report discusses the various categories for which
methylene chloride is used as well as the annual emissions associated
with each use.

Results from two short-term monitoring studies in the SCAB show
concentrations of methylene chloride similar to ARB monitoring data.
Based on two weeks of monitoring in 1979, the mean concentration of
methylene chloride in Los Angeles was reported to be 3.8 ppb with the
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maximum concentration reported to be 12 ppb (Singh, et al., 1981).
Another study reports a mean concentration of 2.0 ppb with a maximum of
9.4 ppb for Riverside, based on 10 days of monitoring in 1980 (Singh, et
al., 1982). The concentrations reported in these studies are consistent
with the range of concentrations measured by the ARB in the SCAB.
However, the results from these two studies are not sufficient to
determine an annual average concentration of methylene chloride.

The methylene chloride monitoring data available for January 1985
through March 1987 at any one station represent only a smail (2 to 8
percent) fraction of all days during the time period. Because of the
limited number of samples, the high percentage of samples below the LOD,
the variability in meteorology from year to year, and the unquantified
error associated with the sampling and analysis procedure, there is some
degree of uncertainty associated with assuming that the mean
concentration of all data collected for each monitoring site is
representative of an annual average. In an attempt to try to quantify
this uncertainty we have calculated the upper and lower bound estimates
of the mean concentrations which are intended to estimate the probable
range of the annual average concentration at each monitoring station.

ARB staff developed a statistical treatment for calculating upper
and lower bound estimates of the mean concentration at each monitoring
station. This treatment provides an estimate of the uncertainty
associated with the mean concentration. This method takes into account
factors such as sample size, variance of the data, and an estimate of
the uncertainty associated with the sampling and analysis procedure.
The following text is a discussion of the statistical treatment used.

A scatter plot of the methylene chloride monitoring data indicates
that they are distributed lognormally. Because available software only
analyze data that are normally distributed, methylene chloride ;
monitoring data were first converted from a lognormal distribution to a
normal distribution. This was done by using the logarithms of the data
for the analysis and then converting the results back to concentration
units. The Statistical Analysis System (SAS, 1982) was used to
calculate the standard error about the mean. The standard error
calculated from the logarithms of the data are then converted back into
concentration units. The upper and lower bound estimates reported for
the mean represent two standard errors. Though the error in the
sampling and analysis has not been determined, we assumed an overall
uncertainty factor of + 20 percent at one standard deviation to
calculate the upper and lower bound estimates of the mean. The lower
bound estimate represents two standard errors for the data with each
sample concentration reduced by 20 percent. The upper bound estimate
represents two standard errors for the data with each sample
concentration increased by 20 percent. Upper and lower bound estimates
for each station are shown in Table II-3.
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TABLE 11-3

RANGE OF ESTIMATED MEAN METHY%ENE CHLORIDE CONCENTRATIONS FOR
JANUARY 1985 THROUGH MARCH 1987 (units are parts per billion ppb)

L‘ower Upper

Air Basin Bound Estimated Bound
Site Location Estimate Mean Estimate
SOUTH COAST AIR BASIN (SCAB):

E! Monte 1.8 2.5 3.5

Los Angeles 1.4 2.1 3.0

North Long Beach 1.5 2.2 3.2

Riverside 1.1 1.6 2.4

Upland 1.2 1.8 2.6

SOUTH CENTRAL COAST AIR BASIN (SCCAB):

Santa Barbara 1.2 1.9 3.9

Simi Valley 0.9 1.4 1.9
SAN DIEGO AIR BASIN (SDAB):

Chula Vista 1.2 1.8 2.7

El Cajon 1.0 1.5 2.2
SAN FRANCISCO BAY AREA AIR BASIN (SFBAAB):

Concord NA NA NA

Fremont 0.9 1.6 2.7

Richmond 0.6 0.8 1.2

San Francisco 0.3 0.5 1.0

San Jose 0.7 1.1 1.7

SAN JOAQUIN VALLEY AIR BASIN (SJVAB):

Bakersfield 1.0 1.6 2.5

Fresno 0.6 1.0 1.4

Merced 0.2 0.4 0.6

Modesto 0.3 0.5 0.7

Stockton 0.3 0.4 0.5
SACRAMENTO COUNTYP:

Citrus Heights 0.3 0.5 0.7

Gleit's method was used to estimate the concentration of samples beiow the

quantitation Iimit. NA indicates the site data were not appropriate for the
b method and no value could be calculated.

Since there is oniy one monitoring station located in the Sacramento Valley

Air Basin, the concentration was estimated for Sacramento County.
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C. EXPOSURE IN CALIFORNIA

Population exposure in California for six areas (five air basins
and one county) was estimated using the mean concentrations calculated
for each monitoring station. The mean population exposure estimates for
the SCAB and the San Francisco Bay Area Air Basin (SFBAAB) were
estimated by interpolating station means to census tract centroids. For
the other areas, a single estimated mean conentration was calculated,
based on the means at monitoring stations in the area, and it was
assumed that all the people in the area were exposed to this estimated
mean concentration.

In order to present the possible range of exposure, upper and lower
bound estimates of the mean were determined for each of the six areas.
This required using the upper and lower bound estimates of the mean
concentration for each monitoring station as presented in Table II-3.
For the SCAB and SFBAAB the upper and lower bound estimates were
calculated by the same method used to estimate the mean concentration.
As for the other areas,.the upper and lower bound estimates are simply
the average of the station values. For each of the six areas, Table II-
4 gives the mean, the upper and lower bound estimates of the mean, and
the number of people exposed. The population residing in these six
areas is approximately 20.3 million people which represents roughly
eighty percent of California's population during 1985. Population
estimates are based on 1980 census data projected to 1985.

The areas for which no monitoring data exist are predominantly
rural areas. Generally, these areas are not densely populated nor are
there many industrial sources. Thus, methylene chloride emissions, and
consequently ambient concentrations are expected to be lower than those
reported for the more urbanized areas listed in Table II-4. However, it
is possible that people residing in the vicinity of methylene chloride
emission sources could be exposed to higher concentrations.

Based on our analysis of the monitoring data, ARB staff estimate a
population-weighted mean concentration of 2.2 ppb for over ten million
people residing in the South Coast Air Basin. In the San Francisco Bay
Area Air Basin the population-weighted mean concentration is 0.8 ppb for
the Basin's 4.4 million residents. For all six areas studied, the mean
annual methylene chloride concentration, weighted by population, is
estimated to range from 1.1 to 2.4 ppb. Figure II-1 shows the statewide
cumulative exposure to methylene chloride with upper and lower bound
estimates of the mean.
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TABLE 11-4

RANGE OF ESTIMATED MEAN POPULATION-WEIGHTED a
EXPOSURE ESTIMATES FOR JANUARY 1985 THROUGH MARCH 1987

units are parts per bitlion (ppb)

Lower Bound Upper Bound Population
Alr Basin Estimate Mean Estimate (millions)
South Coast® 1.5 2.2 3.1 10.09
San Francisco Bay Areab 0.6 0.9 1.6 4.39
San Diego 1.1 1.7 2.5 2.14
San Joaquin Valiey 0.5 0.8 1.1 1.90
South Central Coast 1.1 1.7 2.5 ' 0.92
Sacramento County 0.3 0.5 0.7 0.89
PYgLI L ion-weighted 1.1 1.6 2.4 20.33°
Average
a

Gleit's method was used to estimate the concentration of samplies below the
guantitation timit.

b The exposure estimates for the South Coast Air Basin and San Francisco Bay
Area Air Basin are estimated by Interpolating the mean concentrations at
monitoring stations to census track centroids.

c

Represents approximately 80 percent of California's population during 1985.
The remaining 20 percent reside in areas in which no monitoring stations are
located.
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FIGURE [1-1

MILLIONS ESTIMATED CUMULATIVE HETH_YLENE CHLORIDE EXPOSURE
Stcteuwlde Jen (885—Mcr 1987 ulth 28X Error Aasumecd

29.8 I -

Hethylene Chlorlice (ppb)
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D. EXPOSURE NEAR EMISSION SOURCES

To assess the impact of methylene chloride emission sources on
nearby populations, the ARB used emissions information in conjunction
with meteorological data to estimate population exposure in census
tracts surrounding three facilities that emit methylene chloride. The
following text is a discussion of the data and modeling methodology used
to estimate population exposure along with the exposure results.

The concentration estimates presented in this section do not
represent the total ambient air exposure of the people living in the
vicinity of the modeled sources. The concentrations reported are those
which would exist if the modeled facility was the only methylene
chloride emission source affecting the nearby population. In reality
there are other emission sources, large and small, located in the basin
which contribute to the total methylene chloride concentration that the
modeled population is exposed to. The modeled population is expected to
be exposed to ambient concentrations similar to those monitored by the
toxic monitoring stations in the SCAB (1.5 to 3.1 ppb) which are
additive to the concentrations solely due to the nearby modeled emission
source. Other nearby sources, similar in both emissions and proximity,
could produce additive concentrations on the order of those presented
below.

The three facilities ARB modeled are located in the South Coast Air
Basin (SCAB) and have annual emissions ranging from 52 to 587 tons.
They are: Source A, a manufacturer of urethane foam; Source B, a motor
home manufacturer which uses a methylene chloride containing adhesive;
and Source C, an automobile assembler, which uses methylene chloride as
a paint stripper. These facilities were chosen to model population
exposure because they are large emission sources, their processes are
typical of other SCAB sources and because they are located in densely
populated areas.

For each facility, the Industrial Source Complex Short Term (IsCsT)
Gaussian model was used to predict the annual average concentration of
methylene chloride in 1 square kilometer (km) §e11s for a 30 x 30 km
grid. In addition, a 3 x 3 km grid of 0.01 km ceé]s was used to obtain
a higher resolution of concentrations for the 1 km™ cells nearest to the
source. In order to predict the annual average concentration in each of
the cells, the ISCST model requires emissions information and
meteorological data as input for each facility.

Information on emissions was provided by each facility for the year
1985 in response to an ARB survey (CARB, 1986a). The information
obtained for each facility includes emission rates, stack parameters,
the typical operating schedule, and an estimate of the size of any area
source. Annual emissions of methylene chloride from point and/or area
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sources along with the stack height are given in Table II-5 for each
facility that was modeled. :

Point source emissions are typically released from specific stacks
while area source emissions are released over a larger area. Source A
and Source B have both point and area methylene chloride emission
sources. The stack heights given for these two facilities refer to
point source emissions. Although Source C emits methylene chloride from

TABLE II-5.
ANNUAL EMISSIONS AND STACK HEIGHTS OF MODELED FACILITIES

Point Source Stack Area Source
Source Emissions (tons/yr) Height (ft) Emissions (tons/yr) ’
Source A 351.8 27 18.56
Source B . 15.5 30 30.0
Source C - 175 386.4

64 stacks, it was modeled as an area source with emissions released at
an effective stack height of approximately 289 feet. This was
determined to be appropriate due to the similarity in stack parameters
and the relative closeness of the stacks, and because the emissions are
released at ambient temperatures.

Meteorological data, as required by the ISCST model, were obtained
from the nearest station to each facility. When more than one year of
meteorological data were available, the year which yields the poorest
pollutant dispersion was used. The meteorological data used to model
Source C, Source A and Source B are from Los Angeles International
Airport for 1978, Long Beach Airport for 1968, and Ontario Airport for
1872, respectively.

An annual average concentration is determined for each 1 square km
cell (a total of 900 cells) in the grid surrounding each source. The
modeled concentrations in each of the cells surrounding the source
ranged from 0 to 1 ppb at Source C; from 0.01 to 10.8 ppb at Source A;
and from 0 to 5.8 ppb at Source B.

Population exposure near each facility is determined by using the
results from the ISCST model in conjunction with 1985 census data. The
number of people 1iving within each 1 square km cell in the modeled grid
are exposed to the annual average concentration that was determined for



that cell. Additional methylene chloride emission sources in or near
the modeled grid of each facility would increase the average population
exposure. However, additional emission sources are not represented in
this analysis. '

Figures 11-2 through II-4 show the cumulative population exposure
for each facility. As shown in Figure II-2, approximately 1 million

- people are exposed to an annual average concentration of at least 0.10

ppb of methylene chloride resulting from Source A's emissions. Only

concentrations less than 1 ppb are shown in Figures 1I-2 through II-4.

Thus, the complete range in concentration for each facility is not

shown. _

The exposure results show that over 82,000 people are exposed to an
annual average concentration of at least 0.5 ppb as a result of
emissions from Source A. Of these 82,000, over 30,000 people are
exposed to an annual average concentration of at least 1.0 ppb. More
than 12,000 people are exposed to an annual average concentration of at
least 0.5 ppb as a result of emissions from Source C, while more than
8,000 people are exposed to at least 0.5 ppb as a result of emissions
from Source B. The modeling was also used to determine the population
exposure in the 1 square km cell with the highest annual average
concentration around each facility. For these cells, the annual average
concentrations and the populations exposed are: 10.7 ppb/1,318 persons;
5.7 ppb/986 persons and 1.0 ppb/1,982 persons for Source A, Source B and
Source C, respectively.

The modeling results demonstrate that several thousand people
1iving near these facilities are exposed to methylene chloride at
concentrations higher than annual average concentrations monitored in
the SCAB. In addition, these results imply that other methylene
chloride emission sources in California may expose nearby populations to
elevated concentrations. In the SCAB there are 33 facilities with
annual methylene chloride emissions of over 25 tons (SCAQMD, 1985). Of
these 33 facilities, nine have annual emissions in excess of 100 tons.

To assess the impact these other facilities have on nearby
populations requires facility specific information. The source with the
greatest emissions does not necessarily produce the highest annual
average concentrations in the surrounding area. This is apparent from
the modeling results. The concentrations in the nearby community
resulting from Source C's emissions are significantly lower than those
produced by Source B, a facility with one-tenth Source C's annual
emissions. This may in part be attributed to meteorology. However, the

primary reason is the height at which emissions are released from Source
c.
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E. [INDOOR EXPOSURE

An estimate of exposure to methylene chloride from Indoor air is not
provided in this section because the data necessary to make such an
estimate are not available. However, because methylene chioride Is a
constituent In many household consumer products, indoor concentrations
may be substantially higher than ambient concentrations. Inhalation of
methylene chloride from the indoor environment Is expected to vary
depending on many factors Including the degree and manner of use of
products containing methylene chioride. This section presents
information concerning what is known about Indoor concentrations of
methylene chlioride as well as the levels of exposure that may occur from
using products that contain methylene chloride. For methylene chloride
it is reasonable to assume that ambient concentrations establish
baseline indoor concentrations. Thus, any reduction in ambient levels
of methylene chloride will also act to reduce indoor concentrations by a
simifar margin.

There are severa! studies that have monitored for indoor air
po!iutants. However, ARB staff are only aware of two indoor studies
that have monitored for methylene chloride. A limited study, conducted
in ltaly, monitored the indoor air of 15 structures (nine houses, five
apartments and one office) for several compounds including methylene
chloride (De Bortoll, et al., 1985). Based on charcoal tube collection
and gas chromatography (electron-capture detector) analysis, the mean
indoor concentration of methylene chloride for altl data from four to
seven days of monitoring at each structure was 193 ppb with the indoor
concentration for one of the structures reported as 1450 ppb. The mean
outdoor concentration was reported as less than 4 ppb. Although the
study is limited, the results show that indoor concentrations of
methylene chloride can be many times higher than outdoor concentrations.
This conclusion is supported by the Nationa! Research Council (NRC,
1978). When considering the significance of De Bortoli‘s findings to
indoor exposure in Callifornia, It is necessary to note that building
materials as well as consumer products used in [taly may differ from
those used in Californla. For example, the peak concentrations reported
in De Bortoli‘s study correlated with the use of hairsprays which
contain methylene chloride, these products are no longer produced or
sold in the United States. However, because a number of consumer
products containing methylene chloride are used in California, it Is
likely that Indoor concentrations of methylene chloride In some homes
may be similar or greater to those reported by De Bortoli.

As part of a study conducted in Los Angeles County, the indoor and
outdoor air of 51 homes during the winter season and 43 homes during the
summer season was sampled and subsequently analyzed for several organic
compounds (Pellizzari, et al., 1988). However, because Tenax is not an
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effective media for collecting methylene chloride and because Tenax was
used to collect the majority of the samples that were taken, methylene
chloride results are only available for eight homes during the summer
season. For these homes, draft results show overnight indoor
concentrations (based on canister collection and mass spectrometer
analysis) to range from 0.3 to 3.6 ppb with a mean concentration of 1.7
ppb while daytime indoor concentrations range from 0.3 to 3.9 ppb with a
mean concentration of 1.6 ppb. Overnight outdoor concentrations range
from 0.1 to 1.3 ppb with a mean outdoor concentration of 0.5 ppb while
daytime outdoor concentrations range from 0.2 to 3.9 ppb with a mean
concentration of 1.0 ppb. The results reported by Pellizzari et al. for
methylene chloride are for a limited number of homes. However, they do
indicate that Indoor concentrations of methylene chloride in some homes
may not be substantiaily higher than outdoor concentrations. Most
likely, this Is the case when products which contain methyliene chloride
are not used or stored indoors.

Because of the sampling and analysls methods used, ARB staff belleve
that the draft results from the Los Angeles study are more reliable than
the results for the ltalian study. However, the differences between the
results for the two studies as well as the fact that both studies are
very limited [llustrates the need for a comprehensive indoor monitoring
study where methylene chloride is sampied and analyzed throughout
Californija. Such a study would provide the Information needed to better
characterize indoor exposure to methylene chlioride in California.

Several studies have shown that personal breathing zone
concentrations resulting from the use of consumer products containing
methylene chloride may be several orders of magnitude higher than
ambient concentrations. These products, which include spray paints and
paint strippers, are used widely by the general population. Results
from a chamber study where a paint stripper containing methylene
chioride was being used show breathing zone exposures up to about 2,000
ppm averaged over onhe hour with peak concentrations as high as 3,300 ppm
(Girman and Hodgson,31986). For this study participants were placed in
a chamber (20 meters™) and supplied with a pressure demand breathing
apparatus and therefore not exposed to elevated levels of methylene
chioride. In another study, participants were piaced in a chamber (5.4
meters™) and requested to use personal-care-products containing
methylene chloride. Peak use concentratlions ranged from 95 to over 500
ppm and the fifteen minute time-weighted-average concentration was 102
ppm (Skory et al., 1975). The purpose of the study was to determine the
participants levels of carboxy hemoglobin following normal use exposures
to aerosol products containing methylene chloride. Otson et al. (1881)
reported one hour time-weighted-average concentrations ranging from 37
to 1460 ppm as a result of_paint stripper use in a chamber with a volume
of approximately 28 meters™. For this study, laboratory personnel
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participants were supplied with respirators and thus were not exposed to
elevated levels of methylene chloride. The purpose of the study was to
evaluate air levels of methylene chloride generated by the use of small
quantities of paint removers under poor ventilation conditions.
Stevenson et al. (1978) reported a 26 minute average exposure of 450 ppm
when test subjects placed in a chamber (approximately 75 meters™) were
exposed to methylene chloride through the use of aerosol spray paint.
The purpose of this study was to determine airborne levels of methylene
chloride and its effects on carboxy hemoglobin levels under simulated
home-use conditions using typical commercial spray paint formulations.

Breathing zone concentrations of the magnitude reported above are
generally found during the time period the product is being applied and
can decline rapidly, depending on ventilation rate, once application is
finished. Several factors are responsible for the range of results
reported by these studies. These factors include: the concentration of
methylene chloride in the consumer product used, the manner and duration
of use, the volume of the study chamber, the ventilation rate of the
study area, and the averaging time for the concentration reported.

The magnitude of exposures from the use of consumer products
containing methylene chloride is put into perspective when the intake of
methylene chloride from these exposures is compared to the intake from
the ambient air. However, the following comparison is not intended to
imply that the health effects associated with these two exposure
scenarios are equivalent. The intake of methylene chloride from
inhalation for approximately 20 minutes each year at a concentration of
100 ppm (Cal/0SHA's 8 hour time-weighted permissible exposure 1limit for
methylene chloride) is equal to the annual intake from continuously
breathing methylene chloride at a concentration of 2.0 ppb (the annual
average concentration in the SCAB for January 1985 through March 1987).
Exposure to methylene chloride from indoor air is an additional route of
exposure and adds to the total risk.

Exposure to methylene chloride from the use of consumer products is
expected to decline over the next several years. The reasons for the
decrease are: 1) the FDA has proposed a rule to ban the use of
methylene chloride as an ingredient of personal-care-products and, 2)
the Consumer Product Safety Commission has announced that it will
require certain consumer products which contain methylene chloride to be
labelled in a manner which adequately describes the potential for
chronic health effects. The labelling requirement is expected to cause
manufacturers of these consumer products to switch to safer substitutes
when available.

ARB staff did not make an estimate of the annual exposure to
methylene chloride through use of consumer products. To do so would
require detailed information on the manner and frequency with which
methylene chloride containing products are used. Currently, there are
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studies, both planned and underway, which may be helpful in evaluating
indoor air exposure to methylene chloride.

The EPA in conjunction with the Consumer Product Safety Commission
has conducted a survey on consumer use habits. The survey included
responses from roughly 5,000 people about the incidence and frequency of
their use of products, quantities used and typical protective measures
taken. A solvent shelf survey was also conducted to analyze household
products for the presence of chlorinated solvents including methylene
chloride. The EPA plans to develop exposure estimates based on these
surveys. ARB staff plan to review the results when they become
available.

F. EXPOSURE THROUGH OTHER ROUTES

The primary focus of this report is to assess the adverse effects
on health due to methylene chloride exposure in ambient air. In the six
areas for which ambient monitoring data are available the population-
weighted-average ambient concentration for 20.3 million people is
estimatgd as 1.6 ppb. Based on this concentration and a breathing rate
of 20 m“/day, the population-weighted-average intake of methylene
chloride through inhalation is 40,500 micrograms/year. For many
California residents, nearby emission sources and indoor air contribute
to additional exposure; resulting in even higher yearly intakes.

Exposure may also occur through the ingestion of methylene
chloride, if present, in drinking water.and food products. The
following comparisons simply illustrate the extent of exposures to
methylene chloride by routes other than inhalation. The comparisons do
not imply that equivalent doses via different exposure routes
necessarily result in health effects that are equivalent. ARB staff
believe that the greatest contribution to total intake is from
inhalation of methylene chloride.

The ARB staff estimate that for the majority of California
residents, the intake of methylene chloride through drinking water is
less than 365 ug/year. Between January, 1984 and December, 1985, the
Department of Health Services conducted a study in which groundwater
from 2,947 wells, representing 819 public water systems, was analyzed
for methylene chloride. Less than one percent of the wells sampled
(eleven wells) contained methylene chloride at concentrations above the
0.5 ug/liter detection 1imit. For these eleven wells the median
concentration was 3.0 ug/liter, the maximum was 10.0 ug/liter and the
minimum was 0.65 ug/liter (DHS, 1986).

Groundwater supplies roughly 40 percent of California's domestic
use with surface water making up the other 60 percent. The DHS study
did not monitor surface waters for methylene chloride. Methylene
chloride released into surface waters is not expected to remain due to
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its high volatility. The EPA used results from two major surveys (the
National Organics Monitoring Survey and the National Screening Program
for Organics in Drinking Water) to predict methylene chloride
concentrations in the potable water of public water systems nationwide.
Based on data from both groundwater and surface water, the EPA has
estimated that 93.5 percent of the U.S. population who are served by
public drinking water systems receive water with no methylene chloride
or levels less than 0.5 ug/liter. Furthermore, 99.6 percent of the
population receive water with concentrations at or below 10 ug/liter
(U.S. EPA, 1984).

ARB staff estimated a range of annual intake through drinking water
based on the concentrations found in the DHS monitoring study (less than
0.5 to 10.0 ug/liter). 1Intake is based on an average drinking water
consumption of two liters per day, resulting in an intake ranging from
less than 365 ug/year to 7300 ug/yr. Because methylene chloride is not
expected to remain in surface waters and because methylene chloride was
not detected in over 99 percent of the groundwater wells that DHS
tested, ARB staff believe that the overwhelming majority of California
population would have annual intakes less than those reported above.

Decaffeinated coffee was considered as a source of methylene
chloride in food products. Because the United States population
consumes a large volume of decaffeinated coffee that is manufactured
using methylene chloride, the Food and Drug Administration (FDA) has
estimated a maximum likely intake through this route. The FDA's food
and color additive regulations limit the methylene chloride residual
allowed in roasted and instant coffee to 10 ppm. To estimate upper-
bound exposure, the FDA assumed that all decaffeinated coffee products
contain methylene chloride at the maximum level aliowed (10 ppm) and
that all of it is extracted during brewing and becomes part of the
beverage. Using information available on the average consumption of
decaffeinated coffee, FDA estimated that the daily intake is not likely
to exceed 140 micrograms (51,000 micrograms/year) due to ingestion of
decaffeinated coffee (FR, 50(243): 51551).

The assumptions made by FDA were choosen so that the estimated
intake represents a maximum which is not likely to be exceeded by
consumers of decaffeinated coffee. Actual intakes are probably much
Tower for two reasons. First, most coffee products are not expected to
contain methylene chloride at the maximum level allowed. One
manufacturer, General Foods Corporation, found residuals of 0.10 ppm or
less in 100 percent of 69 ground coffee samples and 54 instant coffee
samples (FR, 50, (243): 51551). Second, all methylene chloride present
in coffee may not be ingested with the beverage. Some residual may
remain in coffee grounds and it is likely that methylene chloride which
does enter the beverage may volatilize at the high temperatures
experienced during brewing. The boiling point of methylene chloride is
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40°¢ wheregs coffee is brewed at temperatures near the boiling point of
water, 100°C. However, all of the methylene chloride that volatilizes
during brewing would be expected to enter the indoor environment and
thus be available for inhalation by the residents.

The FDA is not aware of any possible public health hazards posed by

the presence of methylene chloride in foods other than decaffeinated
coffee.
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B. USES AND EMISSIONS

Methylene chioride is used In California In the following products
and processes: paint removers, aerosols, foam manufacturing, degreasing
operations, pesticide manufacturing, pesticide application,
pharmaceutical manufacturing, food processing, and chemical production.
Methylene chloride is also used in miscellaneous applications such as a
thinning agent in adhesives, a solvent In surface coatings, a mold
release agent In plastics manufacturing, and as a shrink fitting agent.

The Halogenated Solvents Industry Alliance (HSIA) supplied the ARB
with data on the amounts of methylene chloride shipped to California by
domestic manufacturers of the chemicai (HSIA, 1986a). Data are

presented below for the time period 1980 through 1985 (data for 1981 are
not available).

Domestic Manufacturers

Year CH2CI2 Shipments

to California (tons)

1980 30,408
1881 NA

1982 25,054
1983 26,501
1984 23,123
1985 23,462

The shipping data submitted by HSIA do not account for several
possible distribution alternatives:

(1) Accounts receiving shipments In California may reship portions
of those shipments outside the state.

(2) Organizations other than domestic manufacturers may ship
methylene chloride to California after purchasing it In another
state. Such organizations may include chemical distributors,
private companies who use the chemical, and military agencies.

(3) There may be a small fraction of Callfornia use which Is
imported from foreign methyliene chioride producers.

These distribution ailternatives are expected to represent a small
fraction of total California use. Thus the figures suppiied by HSIA are
thought to be a good estimate of total California consumption.

Figure 111-2 presents the percent of methylene chloride consumed in

the U.S. by use type. Table I!1-1 presents the California and U.S.
consumption of methylene chloride by use type in tons per year (TPY).
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TABLE 111-1

SUMMARY OF METHYLENE CHLORIDE USE (TPY)

Estimated Estimated
Cal ifgrnla UnltedbStates
Use Type Use Use

Paint Removers 7,500 68,300
Aerosols 6,400 58,300
Degreasing 3,100 23,700
Urethane Foam Manufacturing 1,(500c 15,600
Pharmaceuticals 500d 14,600
Eiectronics (Photoresist Stripping) 640d 13,100
Photographic Film Manufacturing 0 8,900
Speclalty Chemical Production 800d 8,700
Chemical Processing Industry 1,200d 7,500
Food Processing 25d 3,700
Triacetate Fibers 0 2,600
Pesticide Manufacturing 800e 3,000
Miscel lanecus ‘ 1,500 13,400
TOTAL USE' 24,000 241,000%

a. Appendix |l describes the methods used to estimate California use. California
use |s based on information from 1983 uniess otherwise noted.

b. All U.S. use Is based on information from the Halogenated Soivents Industry
Alllance for Calendar Year 1983. (HSIA, 1985)

¢. Foam manufacturing use Is based on 1984 emission estimates for eight slabstock
foam plants ldentified by an EPA contractor (Pandullo and Nash, 1986a). This is
does not include use for the manufacture of moided foam.

d. Use estimates for these categories are assumed to equal the amounts the domestic
manufacturers reported shipping to Cal ifornia for these end-uses during 1985
(HSIA, 1986b). These are jower-end use estimates (See Appendix 11).

e. Methylene chloride use in pesticide manufacturing includes only process use. |t
does not include methylene chioride consumed as an ingredient in pesticide
formulations. Use Information is for 1983.

f. Total use is rounded to the nearest 1000 TPY.

g. U.S. use for 1987 is estimated at 248,500 tons (HSIA, 1988).
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The California use breakdown for methylene chloride as presented in
Table 1i1-1 is based on 1983 figures for all uses except urethane foam
manufacture (1984 data), speclialty chemical production (1885 data), the
chemical processing industry (1985 data), food processing (1985 data),
photoresist stripping (1985 data) and pharmaceutical manufacturing (1985
data). Discugsion of the methodology used to estimate California
consumption is included in Appendix 1.

Emissions of methylene chloride in California result entirely from
stationary sources and are estimated to be approximately 20,000 TPY.
There is not sufficlent information available to estimate emissions for
several of the end uses |isted In Table 111-1. Additional emissions may
result from sources that have not been identified in this report. Table
I'11-2 presents the emissions by source type as wel!l as the percentage of
use that is expected to be emitted. Because methylene chloride Is
frequently used In a dispersive manner where few controls are in place,
emissions of methylene chloride for several source types are assumed to
equal 100 percent of its use. ’

Source types for which there are facilities in California with
methylene chioride emissions greater than 100 TPY include: Foam
manufacturing, paint stripping operations, degreasing operations,
publicly owned treatment works, and hazardous waste landfilis. Other
source types that inciude facllities with emissions greater than 10 TPY
Include: paint remover formulators, pesticide manufacturing, chemical
production, and possibly solvent reclaimers. Some facilities Included
as miscellaneous users may also emit substantial amounts of methylene
chleride. Potential emission sources not evaluated include on-site
sofvent recovery and industrial waste water treatment. The following
text discusses the various uses of methylene chloride as well as the
emissions associated with each use when known.

| mov

Paint removers account for the largest use of methylene chloride in
California. An estimated 7,500 tons of methylene chloride were used in
paint removers in California in 1983. Methylene chloride is the primary
ingredient in paint stripping formulations used for industrial, '
commercial, military, and domestic applications. The majority of the
methylene chloride in paint removers is used by the industrial sector.
Factory and shop production for original equipment manufacture and
after-market goods accounted for 70 percent of paint remover use In 1983
(Mullen and Mouild, 1985).

In paint stripping applications, all of the methylene chloride used
is eventually emitted to the atmosphere (U.S. EPA, 1985a). Thus, an
estimated 7,500 tons of methylene chioride were emitted in 1983 from the
formulation and use of paint removers. Emissions result from the use of
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TABLE 111-2

ESTIMATED EMISSIONS OF METHYLENE CHLORIDE IN CALIFORN!Aa

Emissions Percent of Use Emitted
Source (TPY) Percent Reference

Paint Removers 7,500 100 U.S. EPA, 1985a
Aerosol Products ‘ 6,400 100 U.S. EPA, 19852
Urethane Foam Manufacturing 1,600 100 Q.S. EPA, 19852
Degreasing Operatlons 2,600 83 U.S. EPA, 1985a
Pesticide Manufacturing 20 | NDb -
Chemical Production 57 Small Percent U.S. EPA, 1985a

and Processing
Distribution Facilities 11 : 0.2 U.S. EPA, 1985a
Solvent Reclamation 35 1-2 (O'Morrow, 1986;

Schneider, 1986)

POTWs 225 ND ARB, 1987
Photoresist Stripping 360 57 U.S. EPA, 1985a
Miscel laneous Uses 1,500 100 U.S. EPA, 198ba

Tota! Emissions® 20,000

a. Emission estimates are for 1983 for all source categorles except urethane
foam manufactur ing and pesticide manufacturing (1984 data), solvent
reclamation (1985 data), photoresist stripping (1985 data), and POTWs (1987
data). Data on total emlissions were not avallable for pharmaceutical
manufacturing, food processing, specialty chemical production, the chemical
process industry, pesticide application, municlipal landfiils, surface
impoundments, and hazardous waste landfillis.

b. ND - not determined.

c. Total emission estimate Is rounded to the nearest 1000 TPY.
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paint removers as well as from paint remover formulation facilitlies.
Some paint removal operations emit greater than 100 TPY of methylene
chioride to the atmosphere (Taback, et al., 1983). Methylene chloride
is also emitted at paint remover formulatlon facllities during mixing,
packaging, and storage (U.S. EPA, 1985a). It is estimated that there
are seven paint remover formuilation facliliities In California with
emissions estimated to equal 0.1 percent of use (PE! Assoc. Inc., 1985).

Aerosols

Aerosol products have historically been one of the largest uses of
methylene chloride in California. California use of methylene chloride
in 1983 was an estimated 6,400 tons. Use of methyiene chlioride in
aerosol products throughout the U.S. appears to be decreasing in 1986;
however, summary data are not avallable (Wind, 1986; Chemical Marketing
Reporter, 1886). In response to a proposed FDA ban on the use of
methylene chloride in aerosol cosmetics, most manufacturers of aerosol
cosmetics (primarily hairsprays) stopped using methylene chloride in
their products during 1986 (Wind, 1986).

Methylene chlioride is used In aerosols as a solvent, a flammability
suppresser, vapor pressure depressant, and viscosity thinner. It is
used in hair sprays, paints, insecticides, cleaners, room deodorants,
and various household and personal care products. The percentage of
methyiene chioride In the total aerosol formulation depends on what the
product is. Aerosol paint strippers may contain as much as 85%
methylene chloride. Aerosol products are packaged at central facilities
before being distributed. Aeroscols are largely consumer products.

Thus, use and emissions are assumed to be distributed with population.

Aerosol packing and product use resulited In estimated emissions of
6,400 tons in California Iin 1983. Methylene chloride is emitted from
aerosol products during the volatilization of suspended dropiets or by
evaporation from sprayed surfaces. All methylene chloride used in
aerosol products is assumed to be emitted to the atmosphere (U.S. EPA,
1985a). Emissions also occur at aerosol packaging plants during spills,
mixing, and aerosoi can charging (PEl Assoc. Inc., 1985). There are at
least 20 aeroso! packaging plants In Callfornia (Johnson, 1982;
Verhagen, 1984).

Foam Manufacturing

An estimated 1,600 tons of methylene chloride were used for
manufacturing slabstock polyurethane foam in California in 1984
(Pandul io and Nash, 1986a). Methylene chloride is used in the
manufacture of two types of foam products, slabstock and molded.
Methylene chioride is used in different ways in these two processes. In
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the slabstock foam manufacturing process, methyliene chloride is used as
a foam blowing agent. Methylene chioride, mixed with other ingredients,
is discharged Into a foam tunnel in which an exothermic reaction

vapor izes the methylene chloride, forming air cells in the foam. In
molded foam manufacture methylene chloride is used as a cleanup solvent
(Pandul lo and Nash, 1986a).

Methylene chloride Is emitted from both slabstock and molded foam
manufacturing processes. Mass balance data from manufacturers of
slabstock foam indicate that about 60 percent of the initial charge of
methylene chloride Is emitted from the tunne! and about 40 percent from
ventilation of the foam curing area (Pandullo and Nash, 1986a).
Methylene chloride emissions from foam manufacturing plants are
typically uncontroiled. Thus, ail of the methylene chloride used in the
process is emitted to the atmosphere (U.S. EPA, 18852). An EPA
contractor estimated emissions from eight slabstock foam manufacturing
facilities in California in 1984 as 1,600 tons (Pandullo and Nash,
1986a). The majority of the identified emissions of methylene chioride
from its use as a foam blowing agent are In the South Coast Air Basin.
The number of molded foam manufacturing facilities in Callifornia and the
methylene chloride emissions from such facilities have not been
determined.

Degr in ration

Methylene chloride is also used in degreasing operations In
california. California use of methylene chloride for degreasing was an
estimated 3,100 tons in 1983. Degreasing is an Integral part of many
metal fabrication processes such as the manufacture of automobiles,
electronics, furniture, applliances, jewelry, and plumbing fixtures.
Methylene chloride Is also used as a degreaser to a minor extent in the
textile, paper, plastic, and glass manufacturing industries. Cold
cleaning units account for 96 percent of all degreasers in the U.S. (PEI
Assoc. Inc., 1985). An estimated 77 percent of the methylene chioride
used as a degreasing solvent in the U.S. is used in cold cleaning units
(PEIl Assoc. Inc., 1985). Substantial quantities of the methylene
chloride used for degreasing are sent to solvent reclaimers (U.S. EPA,
1985a).

Emissions of methylene chloride from degreasing operatlions in
California are estimated as 2,600 tons for 1983. Approximately 83
percent of the fresh methylene chloride used for degreasing operations
is emitted. This percentage estimate inciudes a welghted average
emission factor for cold cleaning, conveyor and vapor degreasers and
takes into account the emissions resuiting from solvent returned to the
degreasing operation from solvent reclaimers (U.S. EPA, 1985a; PE!
Assoc. Inc., 1985; U.S. EPA, 1977). In this approach,
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it is assumed that all solvent not consumed at the degreasing facltiity
is sent to solvent reclaimers (U.S. EPA, 1985a). There are estimated to
be several thousand cold cleaning facillties in California (Federal
Register, 1985; PEIl Assoc. Inc.,1985). The methylene chloride emissions
for the average facility are 0.3 TPY (PEI Assoc. Inc., 1985). |In
addition, there are estimated to be over 100 facliiitleg with vapor
degreasers, with average methylene chloride emissions of 2.4 TPY per
plant (PE! Assoc. Inc., 1985).

Pesticide Manufacturing

Methylene chloride is used as a solvent in some pesticide
manufacturing processes. An EPA report lists the methylene chioride
consumed by one pesticide manufacturing facility in Catifornia as 800
tons in 1883. This estimate includes only process use, and excludes
that which may be added to pesticide formulations as an active or Inert
ingredient. No other pesticide manufacturing facilities in California
that use methylene chlioride have been identified.

Methylene chioride is used for extraction, phase separation,
purification, crystallization, and as a general transport solvent (U.S.
EPA, 1985a). The pesticide industry employs a variety of unit
operations similar to those used in the chemical processing indusiry.
Emissions of methylene chloride from the pesticide manufacturing
facility identified above are estimated at 90 tons for 1884. The
facility has reported that methylene chloride emissions from one process
vent are controlled through incineration. (Pandullo and Nash, 1986b).
Additional methylene chloride emissions from other pesticide
manufacturing facilities in California may exist. However, staff of the
EPA contractor researching this source category believes that most of
the emissions have been identified (Pandullo, 1986c¢c).

hemi | Pr i n ial hemi |

Two facilities in California that use methylene chloride in chemical
production have been identified. Based on information from an EPA
contractor, one facility uses methylene chioride in the production of a
specialty chemical (Howle, 1986) while the other uses methylene chloride

" in the production of rubber cement (U.S. EPA, 1985a). However, the
total amount of methylene chloride used at these facliities is not
Known.

Emissions of methylene chiloride from the production of rubber cement
are estimated as 3 TPY (U.S. EPA 1985a). Emissions from the specialty
chemical production facility are estimated as §4 TPY (Howle, 1986).
These emissions are primarily from equipment Jeaks, equipment openings,
and process vents. The staff is unaware of additiona! methylene
chloride used by other chemical processing and production facilities in
California.
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Photoresist Stripping

in 1983 five percent of the methyliene chloride consumed in the
United States was used as a photoresist stripping solvent. Photoresist
stripping occurs during the manufacture of copper ciad laminated circuilt
boards. Recent information from electronics industry personnel agd
suppliers of photoresist films indicates a trend away from organic-
solvent stripping has been occurring over the past few years
(Waterhouse, 1986; ARB Survey 1986). The trend appears to be more
pronounced in Caiifornia than In the rest of the country.

Agueous photoresist films which use alkaline stripping solution have
gained popularity due to concerns about exposure to organic solvents.
However, some methylene chloride based stripping is expected to continue
for application to circuit boards requiring high resolution. Industry
sources have stated that organic solvents must be used to meet the
specifications of some mitlitary contracts (Rameriz, 1986; Waterhouse,
19886).

Emissions from photoresist stripping In California were estimated as
380 tons for calendar year 1985. This estimate Is based on the
assumption that total use for this category Is equivalent to 640 tons,
the HSIA's estimate of methylene chloride shipments to the electronics
industry. An emission factor reported by EPA (1985a) was applied-to
this use estimate. There Is some uncertainty as to whether this
estimate is representative of current emissions due to shifting
technology in the circuit board manufacturing industry.

hemical Distrl

Virtually all methylene chloride produced Is sold by chemical
distributors. Distribution operations involve transport, storage, and
repackaging of methylene chioride. There are estimated to be 500
regional distribution facilities Iin the U.s. (U.S. EPA, 1985a). An
estimated 25,000 TPY of methylene chloride are sold through distribution
facilities in California. California distribution was estimated as U.S.
distribution times the ratio of the quantity of methylene chlioride used
in California to that used in the U.S.

Emissions of methylene chioride from distribution faclilities in
California were estimated to be 50 tons in 1983. Emisslons resulting
from storage tanks were calculated using assumptions about the
throughput of methylene chloride and the number and size of storage
tanks (U.S. EPA, 1985a; U.S. EPA, 1985b). Estimated emissions are 0.2
percent of the methylene chloride that is distributed.
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lvent R imer

There are about 20 commercial! solvent reclaimers in California. The
targest three reclaimers handle 85 percent of the business (DHS, 1986).
The largest of these accounts for almost half of the off-site solvent
recovery in California. It Is estimated that 2,400 tons of methylene
chioride were sent for recycliing In California in 1985. The quantity of
methylene chloride sent for recycling In California was estimated by
using: 1) the quantity of halogenated solvent reported on hazardous
waste manifests (PEl Assoc. Inc., 1985), and 2) the estimated percent of
methylene chloride contained in the halogenated solvents (0O'Morrow,
1986; Schneider, 1986).

It is estimated that 35 (+ 15) tons of methylene chloride were
emitted from solvent reclamation facllities in California during 1983.
Most emissions result from storage and handling of waste and reclaimed
solvents, although some emissions come from distiliation condensers at
recliamation facilities. Industry representatives estimated emission
losses for a solvent as volatile as methylene chioride to be one to two
percent of the methylene chloride received (0'Morrow, 1986; Schneider,
1886). Assuming that facility emissions are proportional to the
throughput of solvents, the largest solvent reclalmer In the State may
emit as much as 25 TPY of methylene chloride (McCormack, 1985).

Miscellaneous Uses

Miscellaneous use of methylene chloride in California was estimated
to be 1,500 tons. Examples of miscellaneous uses of methylene chloride
include: 1) a solvent for cleaning ink from printing equipment and as a
thinning agent in some ink formations, 2) a solvent to bond plastic
pieces together, 3) a thinning agent for adhesives, 4) a constituent in
specialty cleaners, §) a solvent for coatings where a fast-drying time
is required, as for traffic paints, and 6) a constituent in photographic
film cement. The magnitude of methylene chioride used and the resulting
emissions for each of these Individual applications has not been
determined. Miscellaneous use is primarlly dispersive and thus 100
percent of use is assumed to be emitted to the atmosphere.

c. SOURCES WITH UNQUANTIFIED EMISSIONS

Pesticlide Appli

Approximateiy 14 pesticidal products registered with the U.S.
government contain methylene chloride as an active ingredient, and more
than 1,750 registered pesticidal products contaln methyiene chloride as

an inert ingredient (Federal Register, 1985). The quantity of methylene
chioride applied in California as an active pesticidal Ingredient was
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minor in 1984 (less than 0.2 tons) (CDFA, 1984). The quantity of
methylene chloride used in California as an inert ingredient In
pesticides has not been determined.

harm i f

Methyiene chloride is used in California in pharmaceutical
manufacturing. Use Is estimated as 500 tons in 1985 (HSIA, 1986b).
Methylene chloride is used In pharmaceut ical manufacturing In the U.S.
in the following ways: as an extraction solvent and reactlion media in
production of bulk pharmaceutical chemicais, and as a carrier for tablet
coatings such as cellulose ether films.. The one pharmaceutical
production facility in california identified by the EPA as using
methyliene chloride closed production operations in May 1985 (Blanchard,
1985; Pandullo, 1986a). Methylene chloride may be used in tablet
coating operations at pharmaceutical manufacturing facilities in the
State, although an EPA contractor assumed such usage to be small
(Pandullo, 1986a; White, 1986). Emissions of methylene chlioride from
pharmaceutical manufacturing are probably small, based on information
from an EPA contractor studying methyiene chloride. The number of
pharmaceutical manufacturing facilities in Catifornia that use methylene
chloride was not determined.

Food Processing

Methylene chioride is used to extract heat sensitive substances such
as caffeine, cocoa, hops, and edible fats (U.S. EPA, 1985a; HSIA, no
date). For 1985, use of methylene chioride in food processing Is
estimated at 25 tons (HS!A, 1986b). Based on the available information
at least two food processing facilities In California use methylene
chloride. These facilities use methylene chloride as an extraction
solvent for decaffelnation of coffee (Hall, 1986).

Methylene chloride emissions from food processing operations in
california were not determined. However, the majority of emissions are
expected from the extraction process, and from storage and handling
facilities (U.S. EPA, 1985a). Two coffee decaffeination facilities in
California were identified (Hall, 1986). There may be other food
processors with methylene chioride emissions. However, none have been
identified.

POTWS and Landfiils

in addition to the uses discussed above, methyiene chlioride may be
released from municipal waste water treatment facilities, known as
publicly owned treatment works (POTWs), municipal landflillis, surface
impoundments, and hazardous waste landfills. Methylene chloride emitted
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from tandfills and POTWs originates as waste streams from source types
listed in Table I1l-1. For several source types emissions have been
estimated as 100 percent of use. Thus, a portion of the emissions
attributed to these source types may actually be released to the air at
POTWs and landfilis.

The quantities of methylene chloride that are disposed at municipal
landfills throughout California have not been determined. None of the
information reviewed for this report Indicated the quantities of
methyiene chioride that are disposed of at municipal tandfills.
Although industrial wastes contaminated with methylene chloride can not
be legally disposed in municipal landfilils, the chemical inadvertently
enters landfills as residues In consumer products such as aerosol! cans
and paint remover contalners. In California, there are approximately
1,000 active and 1,200 Inactive municipal landflils (Barnicko!l, 1986).

Hazardous waste landfills and surface impoundments may handle large
quantities of methylene chioride. At least 1,500 tons of halogenated
solvent containing wastes were disposed in landfills and at least 3,200
tons of halogenated solvent containing wastes were disposed at surface
impoundments in Catllfornia in 1985 (DHS, 1988).

in response to the Resource Conservation and Recovery Act, the
Environmental Protection Agency s promulgating restrictions on fand
disposal of hazardous wastes. Effective November 8, 1986, spent solvent

wastes are prohibited from land disposal. As detailed in the federal
register (FR 50 (216): 40572) land disposal of solvent wastes which
meet listed requirements will be allowed unti! November 8, 1988.

Between November 1988 and November 1990 exemptions can be requested on a
case by case basis. Beyond November 1990 no land disposal of solvent
wastes is allowed.

In the past, fewer restrictions were placed on the fand disposal of
halogenatec solvents, and the amounts disposed could have been greater.
Methylene chiloride previously disposed at closed and existing fandfills
escapes into the atmosphere over a period of several decades (U.S. EPA,
1988). The HSIA estimated that roughly 15 percent of the methylene
chloride shipped to California ends up being disposed of by incineration
or landfilting (HSIA, 1986a). '

In response to AB 3374 all active disposal sites (municipal and
hazardous waste) are required to conduct tests to determine: (1) the

composition of landfill gases; (2) the presence of specified air
contaminants in the ambient air at the disposal site perimeter; (3)
whether or not off-site subsurface migration of landfill gas is

occurring. Disposal site operators are required to report test results
to the alir poilution control officer by July 1, 1987 with the
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possibility of an extension up to January 1, 1989. Methylene chloride
is specified as one of the compounds for which testing will be
performed. The test results should be useful in determining which
disposal sites in the state may pose a potential public health risk.

POTWs are another source of methylene chloride emissions. Available
information indicates that POTWs may be significant emission sources of
methylene chloride. The Association of Bay Area Governments has
estimated that the three major POTWs in Santa Clara County emit 44 TPY
of methylene chloride (Hinman, et al., 1985). The largest POTW in the
County was estimated to emit 26 TPY of methylene chloride. A more
recent study estimates emissions of methylene chloride from POTWs in
California to be 225 tons. For one facility in Los Angeles, emissions
of methylene chloride were estimated to be 121 TPY (ARB, 1987).
Methylene chloride is also emitted in route to POTWs at pump stations
and at high points in the sewer line venting through manhole covers
(Caulkins, 1986). Discharges of methylene chioride to POTWs are assumed
to result primarily from industrial sources.

D. EMISSION TRENDS

Emissions of methylene chloride are expected to decline over the
next few years as a result of a decline in use. Estimated production of
methylene chloride in 1985 was down 10 to 15 percent from 1984. The
demand for methylene chloride was forecasted to remain nearly stagnant
in 1986 (Chemical and Engineering News, 1985). National consumption
data for methylene chloride show a thirteen percent reduction from
286,100 tons in 1985 to 247,400 tons in 1987 (HSIA, 1988). Currently,
we do not have any information which suggests that a similar reduction
in consumption has not occurred in California. The decline in use for
most of the source types are based on concerns about the health impacts
of methylene chloride and the potential for governmental regulation
(Chemical and Engineering News, 1985b; Wind, 1986; Chemical Marketing
Reporter, 1986; Smart and Landels, 1985).

The emission trend for methylene chloride used as a paint remover is
uncertain. The Consumer Products Safety Commission (CPSC) has
determined that there are no good substitutes for methylene chloride in
paint removers. The CPSC voted to institute rule making in February,
1986, which requires consumer products containing methylene chloride
that are packaged after September 14, 1988 to comply with additional
labeling requirements.

Declines in the use of methylene chloride in personal care products
as well as spray paints have occured. The Federal Food and Drug
Administration (FDA) has issued a notice of proposed rule making to ban
methylene chloride in personal care products (Vogel, 1985). According
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to the FDA as well as industry representatives, methylene chloride is
not currently used in personal care products in the United States. The
paint industry is also working to reformulate aerosol spray paints
without methylene chloride (Chemical Marketing Reporter, 1986).

National consumption data show that there has been a fourty six percent
decline in the consumption of methylene chloride for use in aerosols
from 1985 to 1987 (HSIA, 1988). This decline in consumption is expected
to continue as suitable substitutes are identified.

The shift to less metal processing in producing automobiles and
other durable goods tends to reduce the demand for the use of methylene
chloride in industrial cleaners and degreasers. A slight decline is
expected in the emissions of methylene chloride from pesticide
manufacturing. This may result as 1,1,1-trichloroethane and other
solvents are substituted for methylene chloride because of concern about
health effects (Smart and Landels, 1985). The trend in emissions of
methylene chloride in food processing is uncertain. EPA has determined
that there is not sufficient justification to ban the chemical from use
in decaffeinating coffee (Chemical Marketing Reporter, 1986).

Despite the expected decline jn overall methylene chloride
emissions, governmental regulation could cause an increase in methylene
chloride emissions from some source types. Efforts to control methylene
chloride residuals in waste water effluent might result in increased
emissions from pharmaceutical manufacturing, POTWs, and solvent
reclamation. EPA is currently seeking comment on the use of steam
stripping technology for the removal of methylene chloride from
pharmaceutical manufacturing waste waters (Federal Register, 1985).
Steam stripping is an effective method of removing volatile organics
such as methylene chloride by releasing them to the atmosphere. EPA is
also considering approval of the use of steam stripping at POTWs to
remove volatile organics (Federal Register, 1985). One reference
estimated that about ten percent of the total methylene chloride used in
the U.S. is released to water (Cothern, et al., 1984).

Methylene chloride emissions from solvent reclamation may also
increase in the future. The quantities of methylene chloride received
by solvent reclaimers have increased over the past few years and the
trend may continue. Concerns about land disposal of halogenated
solvents have prompted much of this trend.
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ROPER

ND ATMOSP 1C FA

A. PROPERTIES OF METHYLENE CHLORIDE

Methylene chlorlde (dichloromethane, DCM) is a nonflammabie
volatiie liquid that is completely miscible with a variety of solvents

(Anthony, 1878). |In the absence of moisture, at ordinary temperatures,
methylene chioride is relatively stable.
decomposes at temperatures exceeding 120°C.
evaporates relatively quickly from water.

methylene chloride are given in

PHYSICAL PROPERTIES OF METHYLENE CHLORIDE

Properties
Molecutar Weight
Boiling Point (760 mmHg)
Melting Point
Vapor Pressure, 20°¢
solubility in H_0, 20°%

2
. (o}
Density, 20°C

Log Octanol/Hzo Partition Coeff.

Relative Evaporative Rate
Color
Odor

Flash Point

Table Iv-1.

TABLE V-1

value
84.94
40%¢
-95°¢ to -97°%
349 mm Hg
20 g/liter
1.33 g/ml
1.25
14 (water = 1)
Colorless

Ethereal

none

A-46

U.S. EPA,
U.S. EPA,
U.s. EPA,
U.S. EPA,
U.S. EPA,
WHO, 1984
WHO, 1984
U.S. EPA,
WHO, 1984
WHO, 1984

U.S. EPA,

In dry air, methylene chloride
Methylene chloride
Selected properties of

1982
1982
1982
1682

1882

1982

1882



B. ATMOSPHERIC FATE

Reactlion with hydroxyl radicals is the dominant mechanism removing
methylene chloride from the troposphere. Estimates provided in the
literature for methylene chiorlide’s tropospheric iifetime range from 27
to 559 days. However, for reasons provided later in this Section, we
believe that a range of 80 to 250 days is representative of typlcal
atmospheric conditions. The rate at which this reaction proceeds
depends on temperature and the tropospheric concentratlions of both
methylene chloride and hydroxyl radical. The temperature dependence of
the reaction rate is Incorporated in the rate constant for the reaction
of CH.C!. with hydroxy! radical. The product of the rate constant and
both gpegles concentrations gives the rate at which methylene chloride
is being degraded (Finlayson-Pitts and Pitts, 1986).

The tropospheric lifetime of a compound is an estimate of the time
required for a given amount of the compound to decrease to 1/e (0.368)
of its original value (at time zero). The tropospheric tifetime (7) of
methylene chloride is related to the rate constant (k) and the hydroxyl
radica! concentratlion ([.0H]) by the eguation:

7 = (k[.OHD™! 1)

In deriving the above equation, it Is assumed that hydroxy! radical Is
at a constant or steady state concentration iIn the troposphere.

ARB staff reviewed the llterature published In the fast ten years
to obtalin pertinent data on the rate of reaction of methylene chloride
with the hydroxy! radical. We found five research groups that
determined reaction rate constants from empirlical data in the laboratory
(Jeong & Kaufman, 1982; Howard & Evenson, 1976; Perry, et al., 1976;
Davis, et al., 1976; Cox, et al., 1976). Other researcher’'s have used
the data from one or more of these studies to estimate the tropospheric
iifetime of methyliene chloride.

Tabie I1V-2 Is a summary of the rate constant and tropospheric
lifetime estimates resulting from our |iterature search. The table
inciudes a temperature dependent expression for the rate constant and
the room temperature rate constant. Also included In the table are the
authors’ estimates of tropospheric !ifetime and the average tropospheric
values of temperature and hydroxyl radical concentratlion.

The estimates of hydroxy! radical concentration and tropospheric
temperature are responsible for much of the varfation In the estimated
tropospheric |ifetimes. Because there is no clear agreement on the
value of these parameters, we used a range for each to develop a range
of atmospheric iifetime estimates.
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TABLE Iv-2

TROPOSPHERIC LIFETIME ESTIMATES AND RATE CONSTANT ESTIMATES
FOR METHYLENE CHLORIDE®S REACTION WITH HYDROXYL RADICALS

Average Tropospheric
Values Used to
Calculate Lifetime

Temperoture Dependent Rate Room Temperature Atmospheric
Expression for the Rate Constant for the Lifetime Hydroxy!
Hydro&yl Radical Reaction Hyd;qzyl godlcol Reaction  (Days) Concentration Temperature

(cm”/molecule.sec) (10 cm” /molecule.sec) (molecules/cm™) (Kelvin) References
8.5¢ *3-1%) x 10781 %exp (500 + 212)/T  14.2 N.R. a Atkinson, 1986
8.58 x 10~ '°12exp (-502/T) 14.1 N.R. N.R. N.R.  Demoore, 1985
4.27 x 10" 2exp (~1094/T) 10.9 320 Y110 (5.1 1.7) x 10° 265 Singh, 1983
6.86 x 10" '%12exp (-348/T)d 14.6 N.R. N.R. N.R.  Jeong & Kaufman, 1982
N.R. 14 83 1 x 10° 300 Cupitt, 1980
4.27 x 19 2exp (-1095/T) 1 559 3.3 x 10° 265 Altshuller, 1980
4.27 x 10" 2exp (-1098/T) "o 365 b b Derwent & Eggleton, 1978
2.1 x 10—120xp (-770/1’)d 15.9 N.R. N.R. N.R. Howard and Evenson, 1976
N.R. 14.59 27° 3 x 105 2908 Perry et ol., 1976
(4.27 * 0.63) x 107" 2exp(~1094*81)/79 10.9 142 9 x 10° 265 Davis et al., 1976
N.R. 10.49 1 1 x 10° 298 Cox et al., 1976

5

a Lifetime was,not reported but, the author suggested using [.OH] = 5 x 10
molecules/cm™ for the Northern Hemisphere. :
b Author used mode! with seasonal and merid{onal distributions for [.0H] and Temperature.
c Auth?r reported otmospheric half-life , T3, atmospheric lifetime wos calculated
as T5/0.693. 2
d AuthSrs conducted their own laboratory experiments to determine rate constants.
N.R. Not Reported
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Two researchers, Atklinson 1986 and DeMoore 1985, fitted the
exper imental data of Jeong & Kaufman, Howard & Evenson, Perry et al. and
Davis et al. to a temperature dependent expression for the rate
constant. Their results are shown in Table V-2 and are in good
agreement. Evaluating Atkinson‘s equation at the low and high end of
the temperature range (265-300K) seen in Table 1V-2 gives a rate
constant in the range of:

14 cm3/molecules.second

9.1 x 10”1%< k <14.5 x 10~
for the reaction of methylene chloride with hydroxy! radical in the
troposphere.

The 24-hour average hydroxyl radical concentrgtlon in th
troposphere gas been estimated to range from 3 x 10 to 3 X 10
molecules/cm® (Hewitt & Harrison, 1985). Because hydroxy! radicals are
only present during daylight, the actual range for daytime
concentrations are twice the 24-hour averages given above while
nighttime concentrations are essentially zero. Daytime hydroxyl radical
concentrations vary depending on many factors Including photolytic
activity and the concentration of ozone and other pollutants in the
troposphere.

Using the rate constants obtained from Atklnson’s equation for
265K and 300K and a range of hydroxyl radical concentrations, the
estimated tropospheric Ilifetime for methylene chloride ranges from:

27 days for [.OH] = 3 X 102 molecules/cms, T = 300K
426 days for [.0H] = 3 x 10 molecules/em™, T = 265K

As previously stated, the concentration of hydroxy!l radicals In
the troposphere can vary considerably. However, several researchers
recommend 24—houé average hydroxy! radlcaleconcentration§ which are
between 0.5 x 10 and approximately 1 x 10 molecules/em™ ( Prinn, et
al., 1987; Winer, 1987; Singh, 1983; Cupitt, 19880; Cox, et al., 1976;
Davis, et al., 1976). Bé using thig range of hydrgxyl radical
concentrations (0.5 x 10 to 1 x 10 molecules/ cm~) in conjunction with
the rate constants determined from Atkinson’'s equation for 265K and
300K, the resulting atmospheric tifetimes range from 80 to 250 days.

Even for the shortest atmospheric lifetime estimate of 27 days,
methylene chloride will become widely dispersed from its emisslon
source. Thus, It is a persistent poliutant, likely to be transported
throughout an air basin before it is degraded by chemical reaction.

The inltlal reaction of methylene chloride with hydroxyl radical
is belleved to proceed by hydrogen atom abstraction resuiting In the
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formation of water and dichloromethy! radical (Howard and Evenson, 1876;
Davis, et al., 1976; Cox, et al., 1976). Equation 2 summarizes the
initial step in the reaction of methylene chlioride with hydroxyl
radical.

P H20 (2)

The subsequent reactions of this radical are as follows (Equation
3) (Atkinson and Winer, 1987). The CHCIl, radical will rapidly react

CHZCI2 + OH ———emme > .CHCI

with 02 to form the peroxy radical. 2

CHCI2 + o2 ——————— > OOCHCI2 (3)
This peroxy radical will then react with NO (if present), HO, radicals
(to form dichloromethylhydroperoxide) or other peroxy (ROZ) ?adlcals
(Equations 4 through 6):

OOCHCI2 + NO ———eme > OCHCI2 + NO2 (4)

OOCHCI2 + Ho2 ——————— > HOOCHCI2 + o2 (5)

OOCHCI2 + RO2 ——————— > OCHC!2 + other products (6)

These reactions have not been experimentally studied; rather they
are expected to occur based on our knowledge of the atmospheric
reactions of other simple alky! peroxy and haloalky! peroxy radicals.
The CHCI20 radical is known to eliminate a chlorine atom to form formy!
chloride™(reaction 7) (Nikl, et al., 1980):

OCHCI2 ————————— > HC(0)CI + CI (7)
The Ci atom will react with whichever organics are present (in the
cleaner troposphere this will be mainiy with methane) to yield HC! and

lead to the formation of O3 if NOX Is present.

As previously stated, the most important atmospheric removal
mechanism for methylene chioride involves its reaction with hydroxyl
radicals. Although other atmospheric removal mechanisms such as
photolysis and physical removal play an important role for some
compounds that enter the atmosphere, they are expected to be
insignificant in the removal of methylene chioride (Winer, 1986).

A 1980 EPA document reports photolysis as a possibie process by
which methylene chloride can be removed from the atmosphere (U.S. EPA,
1980). Photolysis was listed as possible because chlorinated compounds
often absorb in the solar radiation region of the troposphere. However,
if photolysis does occur, It Is expected to be negligibie compared to
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removal by the reaction of methylene chloride with hydroxyl radicals
(Cupitt, 1986). This is supported by Dilling who attempted to determine
the rate of photolysis for methylene chloride in the presence of NO and
NO,. The results demonstrate that methylene chloride is not reactive in
thg presence of NO or NO, when exposed to ultraviolet light at an
intensity near that of ngtural sunlight (Dilling, 1976).

Hydrolysis is not expected to be an important mechanism by which
methylene chloride is degraded in the environment. Dilling
experimentagly determined the hydrolytic half-1ife to be 18 months in
water at 25°C" (Dilling et al., 1975). Most methylene chloride entering
natural waters is expected to evaporate long before hydrolysis would
occur. Under experimental conditions Dilling determined an evaporative
half-life of 18 to 25 minutes. Water iBitially containing approximately
1 ppm methylene chloride was held at 25°C and stirred at 200 rpm. The
average solution depth was 6.5 cm (Dilling et al., 1977).

Information concerning physical removal processes for atmospheric
methylene chloride is sparse; however, both wet and dry deposition have

been reported to be unlikely to occur at a significant rate (U.S. EPA,
1980).
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Procedure for the Sampling end Analysis
of Atmospheric C: to Cz Heslogeneted Bydrocarbons
Method 103

Introduction
.This procedure describes a method of sz=pling and
enalyzing atmospheric concentretions of Ci. to C=

. halogenated hydrocarbons in the range of 0.004 to
1.0 perts per billion (ppb).

Lower concentrations may be aneslyzed by increzsing the

semple volume end using a cryo-enlc trep to concentreste
the sample.

Higher concentrations mey be analyzed by direct ingject-
ion of a diluted semple into & senple lcop of & ges
chromatograph.

Compounds which can be analyzed by this method are:

Dichloromethane, CE.Cl {rpethylene chloride)

2772’
Trichloromethans, CHClB, (chloroform)
1,2-Dichloroethane, ClCHZCH2C1, (ethylene dfcbloride, EDC)

l,l,l—Trichlordethane, Cl. CCPs, (methyl chléroform)

Tetrachloromethene, CClé, (cerbon tetrachloride)
Trickloroethene, C12C=CHC1, (trichlorsethylene, TCE)
1,2-Dibromoethane, BrC”2 Z“r’ (ethylene dibremide, EDB&
Tetrachlorosthene, C12C=CC12, (perchloroethylene, PERC)
Method

&ir is sexpled into a Tedlar bez et & calibreted and
controlled flow during selected tTime intervals as des-
cribed in Appendix A, "Procedure for Atmospheric Ted-
lar Baeg Sempling”

4 mezsured volume of the 2ir se—ple is transferred by
2 syringe into the chrozstogreach.

The coxzponents ere seoereted Dy 2 specified column and
enalyzed by an electron cez-ture cetector.

.n electronic int

egrator cuentitetes the healcogensted
nydrocaerbons by integrating the teek srecss end cal-
culaui‘z concentreticns Srcm & fector determined dur-
ing celibration with a heslcgenetes hyd-ocerbons
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3.2

standard mixture.

ipparatus

A sampler with begs is recguired for ezch site. The
samnpler and begs are prepared end crpereted &s des-
cribed in the "Procedure for :tmospheric Tedlar Reg
Sempling”.

A ges chromatogrerh (GC) ecuipred with & ges inject- ‘
ion valve and freeze-out Trepr inlet system is recuired.
&n electron capture detec—er is used.

One GC column is reguired: & glass column (6 £+ x
1/4 in 0.D.) pecked with 0.2 percent Carbowex 1500
on Supelco B0/100 mesh Caerbopec C.

Other GC supportive epperaius used ere e strip chert
recorder, & rezote controller, end an electronice
integreator.

Ground gless syringes (50, 100, end 250 gl capacity)
or other suitable devices to sccurately trensfer air
semples from Tedler begzs toc the sexple inlet of the
GC are used.

A large eir-tight chanzber is used to prepere standasrd
£&s mixtures.

The crycgenic treps holcdirg the ligu:id ritrogen eare
Dewar containers.

o

nReager

i

&1l geses used in the GC egnzlysis shell be of the
highest commercizl quality eveiladle.

Belium shall have a purity of 99.595%

Ezlogenested hydrocerbons reference liguid standards,
98% purity es listed in 1.4 are uses TO prepere &
10 prb working stendard zixture which is us

ges.

A pmixture of 10 percent =etheane in ergen is used =zs
meke-up ges in the GC.

Commercial liguid pitregzen {(b.p. = -182
cool the freeze-cut *re

ed, znd operzted

“or <he Fahri-
- -a casl 4

(£
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The =z2ir semple is znelyzed for Ci to Cz halogenzted

hydrocerbons by wusing either the loop method or the
freeze-out trep method. The freeze-out trep method is
used for ppdb to ppt (parts per trillion) ccncentrations.

The procedure for the loop method follows:

The =eair sapple is trensferred from the geas sanple bag
and injected into the sample loop of the GC using a
clean 100 ml syringe fitted with a Luer-lok to quick-
connect adapter. . '

The ges senpling valve (rotery type) is equipped with =
1 ml. loop.

The ges sempling valve is rotated &nd the semple enters
the GC anelyzer and is separeted into component com-
pounds. ’

A Carbowex 1500/Carbopak C column is used to separate
the bhalcgenated hydrocarbons. Typicael opersting con-
ditions for the ges chromatogreph sare:

25 mL/min helium carrier gas flow )

40 mlL/min 10%¥ methane in argon meke-up flow gas

gccc 10-port valve compartment temperature

150°¢ injection port tempersture

350°C detector,tgmperature

8° to 180°C 2t 8°C/min programming colurmn tempersture
Backflush: 23 min.

Each separasted component passes through the electron
capture detsctor and yields & res»onse proportional
to its response fector and concentration.

Concentrations of halozenated hydrocerbons mey be cel-
culated using an electronic integrstor.

The procedure for the freeze-out method follows:

Immerse the sample trep in liguid nitrogen (LN.) and
ellow the temperature to stebilize while meinté&ining =a
flow of helium through the system.

After discerding esbout 50 Ll of the sample, withdraw
exactly 100 ml from the sample bag with & 100 ml syringe
end trénsfer the ssesmple into the trap.

Backfill the syringe with e&nother 40l of helium and
fiush the 40 nlL through the trep; then flush the
cerrier helium through the trep for three minutes.

Isolate the crycgenic trap by using the isolation velve
ich z2llows the cerrier ges to by-pess the trep.
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Replace the LN. Dewar flesk with & Dewer containing ket
water &t about®890 deg C.

&llow the trep to werm up.

Inject the sample into the cerrier ges streem by turning
the GC sampling valve. The g€as seample enters the GC
analyzer and is ssparsted into cozponent cocpounds.

The instrument opereting conditions are the sanme &es
those described in Section 5.2.5 above.

Esch separated component passes through the electron
cepture detector and yields a response proportional
to its response factor and concentration.

Figure 5.3.11 is a typicel halogenated hydrocerbon
chromatogrem. :

Calculations

‘The concentrations of halogenated bydrocerbons, in ppb,

are calculated by an electronic integretor using the
externzl standerd method.

Concentration = Ares x Response Factor x Dilution Factor

- The Response Factor (RF) is celculatel during calibration

by the equation:

RF = Concentration
Area

Dilution Factor = Totel volume of diluted semple
Initigl semple volume before dilution

Replicate celibrations are everaged and the arithmetic
mezn is stored as the RF for subsequent enalyses.

Cencentrations may be converted from pb to mg/m3
by meens of the following formula:

mg /oo = P x (M.W.) x (pob) x (105)
(82.05) X (T
Where:
P | = Pressure in atmospheres
MR, = Moleculer weight of corresponding
helogensted hydrocarbon
g82.05 = Ges constant in cr® % stpm. / K-mole
T = tbsolute temperaturs (OKYV.

. . . 3 . co - 3
The ccncentretion unit mz/m” is ecuivelent to ng/co
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The 1limit of detection (LOD) for each compound is
calculated by means of the following formulsa:

« LOD = 3{(RSD)(avg. conc.)
. - m

Where:
RSD

avg. cone.

Relative stendard deviation.

Meen count of the smallest discernsble
enalytical signel.

Instrument calibretion fector.

m

Quelity Control

Quality control procedures are followed in two ereas:
sampling and analysis.

The guality control procedures used in sampling ere:

The Tedlar beg szmplers are checked every 6 months for
leekagze and contemination. The intervel is shortened
if any malfunction is suspected. A written record is
maintained of the history of esch sampler. (See
Appendix A). o .

The Tedlar bezgs sre checked for leekage and contemxin-
stion before being used for sampling. A log book is
meinteained with & complete history of bag usage.

(See Appendix B).

The quality control procedures used in enalyzing the sarmple
are:

The accuracy of the method hes not been determined.

Every six to nine months & celibretion standard is rrevered
in a glass-lined Pfaudler Chamber meintaiped by the Envircen-
menteal Laboratory Section of the Bezzen-Smit Laborateory.

The chamber is repestedly evacusted end flushed with zero
air until it is shown by gas chrometographic gnalysis to
be free of any significent conteaminstion.

To prepzre the standard, the chamber is re-evecusted and
filled with zero eir to & pressure of 5 psia.

4 measured volume of a volumetrically prepared solution
of helogenated hydrocarbons in methznol is injected via
& heated injector into & stresm of zero 2ir as it is
flowing into the chember. The volume of the scluticon
injected into the chazber is chosen so &s to give the

[S) -
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desired gas pPhase concentretion of halczenzted hydro-
carbons when the chamber is Pressurized to 15 psisa with

Zero air.
7.3.2 Celibretion standards zre Precared pericdicelly. The
gccuracy of the stendard is verified azni <re Pro-

cedure validated by corpering the ccacentretion of

tetrachloroethene in the chexber o the= of &n NBS
standard. :

7.3.2.1 A newly prepared chamber working stender-d is rejected
unless the tetrachloroethene concentration based on
celculation agrees within +/- 8% of zhe value
cdetermined by enalysis, using the N2S stenéerd for
celibration.

7.3.2.2 & newly prepared chanber worxing stendesd is rejected
unless the relative response facters for 211 eight
helogenated hydrocaerbons o2 interest fall within
+/- 10% of the historicelly esteblisned meen values.

7.3.3 A working chember stenderd is checked &t lesst every
three months for conforoity to criteria 7.3.2.1 and
7.3.2.2.

7.3.3.1 A new standard is prepeared as freg
determined by the above mentioned

7.2.3.2 &ny reports genersted after the stenderd cesses to be
demonstratively within the esteblished tolerances shall
contain a ceutionery explaration.

7.4 The gas chromatogreph is celibrated pericdically.
7.4.1 Calibration factors ere deterzined on the besis of the

Zesn values of the Previous calibraticen runs which meet
the criteria of 7.4. 3,

7.4.2 Fach day a calibration check is perforpesd using the
faudler chamber stendard to sren the instrument.
7.4.3. If the response for each cozpounéd of interest is within
10% of the esteblished celitration velue, the established

celibration factors are reteired,

7.4.¢4 The celibration check is rerested if <he resoonse of the
instrument has changed by =cre <ran ICX frczx the establis
velues.,

7.4.5

If the response is still out cf tclerence, & guslity
&ssurence report is subzittes, Tezellel goticn is 3
end new calibretion feetc-s celculecesd,

~]
2N
m

Blenk samples shall be anelyvzed deily eiTer the celibretic
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is completed &nd, whenever necessery, between samples.
The linearity of the instrument is checked periodically.

A ges chromatcgrephic multipoint linearity check is
performsd ennually with standards of at leest four
different concentrations and four replicate runs for
each concentration. The concentretions should include
the anticipated range of sample concentrations sbove
the limit of detection.

The meen-squere error due to lack of fit sbout the
regression line is cozpared to the total mesn-sguare
error of the independent replicetes sbout their
individual meens. The calibration is sccepted if
the F-ratio is less than the 95% rejection limit.

A repested multipoint calibretion should not differ
from the previous cselibration by more than 10%.

Any region of ccnecentretion that devistes more than
5% frcm the lesst-squere line is considered nonlinesr.

Data is reported only for compounds whose concentra-
tions lie in the linear range.

Limits of detection are established. i
The limit of cdetecticn (LOD) is besed on three standerd
deviations (SD) of runs near the LOD (within 10 SD of
the LOD, Winefordner and Long, 1883).

The LOD should be detercined &t least on &n esnnual
basis.

If the instrument response changes by more than 15%, the
instrumrent must e checked and the LOD redetermined.

The presence in a semple of a very large adjzcent
peek will often raise <he LOD in the sample.

Analytical instrucents heve quality contrcl procedures.

.

Column ceonditions ere checked periodically eand e&s needed.

eters is logged when &
ed. These psremeiers are
Zed on integretor reports.

A1) GC accessible param
column is first instezl
checked deily &nd recor

’
.

uTion of the column ere
Vhe tests show more then &
s repleaced.

The efficiency and re o
checked every conth. I
10% change, the column

runna

I1f the heedpressure reguired to reintein e specified
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flow through the column incresses by more thean 100%,
the column is repliaced. :

If the drift of retention times of peaks results

in peak misidentification, &ll instrument parameters
are checkeg.
{

Replicate arnalyses zre = cuality contrecl procedure.

A duplicete anelysis is performed on a2t least one
sample per day.

If the duplicate enelysis (replicate) differs by more
than 20%, and if the concentration of the sample is
higher than 3X LOD, then an additionel enelysis is
perfermed.

If the range
the mezn and

‘Ereater thean

If the reange

of the replicsate analyses is greater thean
if the concentration of the semple is
3X LOD, the enalyses are not accepteable,

is within 20%, the mean and the standard

deviation are reported.

If there is eny resson to suspect the presence of an
interferent (pesk broedening, shift of retention time,
shoulder formetion, etc.), peek identification is
verified using enother snelyzer (GC/KS), detector,or
column.

When spiked sezples are enalyzed, the pesk heigzht and
preak aree retios of the spiked and unspiked semples
must be consistent.

Compound confirmzetion i

n

& guality control procedure.

Ten percent of the enslyses are confirmed by a different
eanalyticel system (different column or different
detector, e.g. GC/HS).

If the confircetory and the routine enzlyses differ by
more than 20X, none cf the anslyses sare acceptable.

Analytical reports underzo cuelity control procedures.

Date storage: rew dete trenscitted from the integrator
are stored unmodified in electronice storege. Dets are
erchived zccording to dete, site, eneslyses, and project
for eesy retrieval. ‘These deta &re ket for 3 years in
the leboratcery elestronice storege.

° . S -
osiB; 21T
r e

tion 1

c i
CCry ©

etc
n he

0

S are repcrted
lectronic

i
en

.

211 date a2tove
T0 the recuest
formet.
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All reports are reviewed by a2t least two qu&llfled
staff before they are relessed. !

.

Critiocue and Comments

Lover limits of detection have been established using

ths prescribed instrument conditions and using a

100 mlL sample with the freeze-out trap technigue.

- Teble 8.1.1 lists the lower limits of detection for the

the compounds analyzed by this method.

Interferences are not usuzlly a serious problem for
light healogenated hydrocarbon snzlysis when the
electron cepture detector is used.

The electron .capture detector is selective for the
measurement of halogensted hydrocarbons. It is
virtually insensitive to other hydrocarbons thus
eliminating interferences from non-helogenated
hydrocarbons. '

Any halogeneted hydrocarbons present in the sample
having retention times very similar to the compounds of
interest under the cperating conditions described in
this method will interfere. Therefore, procf of chem-
ical identity requires confirmation.

Water vepor at normel ambient humidity in the sample
does not interfere with the sepsretion and quentifi-
caetion of helogenated hydrocarbons.

BEigh concentrations of nitrogen oxides (500 ppm) and
sulfur cxides (50 ppm) interfere in the determinstion
of methylene chloride in the sexples of stack
emission sources.

The procedure described herein hess both advantages and
disedvantages:

This method provides a simple way of air sampling.
The concentrations of halogensted hydrocerbons in the
range of interest are stieble for more then 24 hours
in the bez, providing sufficient time for the
enalysis, :

The sample is easily and repeetedly introduced into
the instrument by means of & ge&s sampling valve.

4 representative composite sesple is resedily obtein-
ed for any selected time interval beczuse the eir
sampling flow rate is constent.

Both the upper snd the lower lizits of detection can

10
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be extended by concentrating a larger volume of the
sample with a freeze-out trap or by diluting the sample
in & Tedlar bag with nitrogen or by loop injection.

B.3.5 Interferences can be eliminated by selecting chromato-
graphic conditions.

8 References

8.1 U.S. Environmentel Protection Agency (18760, "Quality
&ssurence Handbook for Air Pollution Measurement
Systems, Volume I-Principles", EPA-600/8-76-005
Environmental Monitoring and Support Laboratory,
Research Triengle Park, North Carolina 27711.

.2 - Grimsrud, E. P., and Knighton, W. B., ‘Anal. Chem.54,
’ 565 (1982) . ’ .
8.3 - Bennett, C. A., and Franklih, M. L.,"Stetisticsal

Anelysis in Chemistry and the Chemical Industry"”,
John Wiley and Sons, Inc., New York, (1954),
PP. 222-232. ’ ’

8.4 Ullman, N. R., (1873), "Elementary Stetistics”,
John Wiley and Sops; Inc., New York, pp. 282-288.

8.5 Wineferdner, J. D. and Long, G. L., Anal. CBem.Qé,
712 A (1983). :

CAUTION Léboratofy'Operations Involving Cercinogens

MYost helogenasted hydrocarbons are identified &s human
carcinogens; therefore, appropriste precsutions should
be observed when handling these compounds. Do not
release halogenated hydrocarbon vepors to the laboratory
etmosphere at any time. When venting or purging, the
vepor must be routed to outside air. The OSEA regula-
tions pertaining to the use &nd handling of halogenated
‘hydrocarbons are published in Title 28 of the Code of
Federal Reguletions aveileble in the Federal Register,
YVolume 40, Mzy 28, 1875, pp. 23073,

11
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Compound

1

Methylene Chlcride
Chloroform
¥ethyl Chloroform

Carbon Tetrachloride

-3
+

ichleoroethylene
Ethylene Dibromide
Perchloroethylene

Ethylene Dichloride

. TABLE 8.1.1
LIMITS OF DETECTION
Limit of Concentretion Mean
Detection Area
PPDb PpPb

1 1.37 8,230
0.004 0.008 8,280
0.004 0.004 34,000
0.02 0.028 13,900
0.01 2,400
0. 005 0.0064 15,600
0.01 0.008% 3,150
0.004 0, 0047 102,700
0.2 0.3 61,778
0.09 26,877

Ares

St.Dev.

800
187
3800

876
320

515
430
080

4811
2143

n

(& I ]

o g OO

o ;

% Rel
St.Dev.

o ~J
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METHOD NO. ADDLO0Z
STANDARD UPERATING PRGLEDUKE FOR THE DETERMINATICN
CF VOLATILE ORGANILS IN AMBIENT AIR USING TENAX TRAP
FRECONCEKTRATICN GAS CHRUHATOGRAPHY AkL TAKDEM
PHOTOICN1ZATION/ELECTRON CAPTURE DETECTORS

SCOPE

This document describes a procedure for the cetermination of volatile
halogenated hydrocarbons and aromatics having a boiling point of less
than 1207C. This procecure is based on documents received from the AkB

Haagen-Smit Laboratory, El1 Monte, 2s well as EPA Method T(I.

SUMMARY OF PRUCEDURE

Ambient air is continuously sampled and collected in a JTedlar bag over a
24 hour period and immediately sent to the leboratory for analysis. A
sample from the bag is drawn through a sampling valve attached o a
Tekmar LSC-Z Tenax Sample Concentrator (see Figure I) with a vacuum pump
at 50 cc/min for four minutes (total sample volume: 20U cc). The
organic constituents are trapped on Tenax and when the collection is
complete, the Tenax is purged with 40 cc of helium to remove any trepped
moisture. The sample is then thermally desorbed onto the head of the GC

column.  The GC column is temperature programied anc ccrponent peaks
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eluting from the column are seguentially detected and quantified, first
by a photoicnization detector (PID) and then by an electron capture
detector (ECD). The ccmponents are identitfied based on rétenticn
times. Positive identification or confirmation requires the use of an

appropriately configured GC/MS.

INTERFERENCES/LIMITATIONS

a. Components having similar GC retention times will interfere, causing

misidentification and/or faulty quantitation.

b. Because of the very low sample concentrations, extireme care must be
taken to insure that the sample is not degraded or contaminated by
the Tedlar sampling bag, sampling apparatus, or delayed delivery to
the laboratory. Exposure of the Tedlar sampling bag to temperatures

greater than 25°C should be minimizec.

c. CUnly components of the sample which can be detected by PID/ECD

detectors will be quantified.

APPARATUS

2. VYarian Model 600G Gas Chromatograph/PIL/ECD system equipped with &

Varian Vista 402 dual channel data system.

b. Tekmar LSC-Z Sampie Concentrator eguipped with Tenax trap and

sampling valves as shown in Figure 1.
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c. hatheson Model 8240 tass Flow Controller accurately celibrated in
the 5-100 cc/min range.

d. Laboratory timer, accurate to within 0.1 minutes.

e. Gas tight microliter syringe, 50 ul.

f. GC column - 10" x 2 mm i.a. glass column packea with 1 percent
SP-10C0 on Carbopack B, 66/80 mesh.

REAGENTS

a. Primary Gas Standard (Scott Specialty Gases - Research Triangle

Institute Certified Series 1)

Compound Concentration (ppb)
Chloroform 107
Carbon tetrachloride 105
Perchloroethene : 106
Vinyl chloride 104
Benzene 107



Primary Gas Standard (Scott Specialty Gases - Research Triangle

Institute Certified Series 2)

Compound Concentration (ppb)
1,2-Dichloroethane 101
1,1,1-Trichloroethane ug
Trichlorcethene 100
1,2-bDibromoethane 102

Stock Gas Standard - Scott-Farrin Blend (assayed against primary

cylinders)

Compound Concentration (ppb)
Dichloromethane 4272
Chioroform 528
1,2-Dichloroethane 3104
1,1,1-Trichloroethane . 424
Carbon tetrachloride 46
Trichloroethene 336
1,2-Dibromoethane 5
Perchloroethene 43
Vinyl chloride 4730
Benzene 1888



Control Gas Standard - Scott-tarrin biend (assayed againSt primary

cylinder)

Compound Concentration (ppb)
Dichloromethane 6
Chloroform 0.2
1,2-Dichloroethane 0.2
1,1,1-Trichloroethane 3.6
Carbon tetrachloride ) 0.3
Trichloroethene 1.8
1,2-Dibromoethane 2.5
Perchlorcethene 1.2
Yinyl chloride 3.3
Benzene 4.8

Surrogate Gas Standard (Scotti-larrin Biend)

Compound Cencentration (ppm)

—
<

Bromochloromethane

[FN]
w)

1,3-Bromochloroprcpane
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a.

PROCEDURES

Sample Trapping

The preconcentration system is shown in Figure 1.

The high concentration inlet is used for high concentration
calibration standards and for other samples with concentrations
higher than ambient levels. The sample is introduced througn
the high concentration inlet and & port valve into an
appropriate size loop of known volume. The sample then passes
through a 1¢ port valve, mass Tlow meter, and vacuum pump.
Before an analysis, the system is Teak checked by blocking the
sample inlet port and observing that the mass flow meter
reading drops to zero. The high concentration iq]et then is
connected to a Tedlar sample bag valve and the gas bag valve is
opened. The loop is then flushed with sample gas for three
minutes. After three minutes of flushing, the 6 port valve is
reset so that the sample contained in the loop is carried into
the trap by the helium purge gas. This continues for three
minutes to ensure that all of the contents of the loop are

trappead.

-6-



Ambient sampies are introducec from Tedlar bags as described
above, except tﬁat the sample Jecp is bypassed and the sample
goes directly to the 10 port valve. After flushing the system
with sample for three minutes, the 10 pert valve is reset so
that 200 cc's of sample is trapped (50 cc/min. for four
minutes). After-sample trapping is complete, the Tenax trap is
flushed with 40 cc cof helium to remove water vépor and any

nonadsorbed reactive gases.

In both ambient and high concentration cases, after the sample
has been trapped, the Tekmar LS(-Z heats the Tenax trap to
1807C while the trap is swept with the Q.C.‘s internal carrier
gas for four minutes. The contents of the trap are thus
cdesorbed and collected on the head of the 6.C. column. The
trap is baked out after the end of the desorption cycle. In
the bakeout cycle, the trap is fiushed with helium purge gas
for eight minutes while being held at 225"C in order tc prepare
the trap for the next cycle. After bakeout the trep is

isolated from the system and ready for the next sample.

Analysis

The concentrated sample is separatec under the chiromatographic
condttion detailed below. The resulting chromatogram (see
Figure II) is then integrated and quantified by reference %o

calibration standard gases.
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Instrument Conditions:

GC: Column: 10" x 2 mm i.d. glass column, packed with

1 percent SP-1000 on Carbopack B 60/80 mesh

Temperatures: Injection: 2007°C
Detector:  350°C

Oven: 45°C, hold for four minutes,

5°C/min ramp, to 210°C, hold

for eight minutes

Flow Rates: Carrier: He, 20 cc/min

ECD meake up:. Nz, 40 cc/min
Detectors: ECD: Range X 10, Attenuation X 32
PID: Range X 1, Attenuation X 32, 10.2

ev lamp

Conc: Tekmar LSC-2: Purge: 4 minutes

Desordb: & minutes at 1807C

Bake: 8 minutes at 225°C



A1l blanks, standards, control sampies, and ambient samples are
spiked with surrogate compounds by injecting 50 microliters of
the surrogate gas stancard (5.e.) during samp]é trapping. The
surrogate compounds, chosen such that they simulate the
characteristics of the analytes of interest and are unlikely to
occur in the environment, are addea to insure that systematic
errors or equipment failures will be noted and corrected

promptly.

The first step in a ca]ibration is to analyze a system blank.
This is done by trapping and analyzing a 200 cc sample of
auxiliary carrier gas. The system blank.must be free of
interfering peaks. A system biank must also be run after a
high concentration sample is analyzed in order.to detect any

carry-over within the system.

A calibration is performed using a 1.25 cc loop of stock
standard gas (5.c.). Two hundred cubic centimeters of helium
gas is passed through the loop to carry the standard onto the
trap. The calibration analysis is made as a normal analysis.
The calculated concentraztion vaiue for each component should be
inspected to insure consistency with previous analyses. The
stored chromatographic information may then be used to
recaiculate the response factors for the subsequent analyses.
The G.C. data system will not accept updatec response factors
which are in excess of plus or minus 15 percent of historic

geta.



Following ca]ibration, 200 cc of the control sample {b.d.) is
concentrafed on the trap and analyzed. The control sample data
are ploited on ccntrol charts of the normal Shewhart type..
Upper and lower warning limits are plus or minus two times the
standard deviation. Any analysis which falls outside the upper
and lower warning limits is repeated and the laboratory quality
control officer is advised. Upper and lower conirol limits are
plus or minus three times the standard deviation. If any
analysis falls outside the upper or lower control limit, the
method is discontinued until the out of control situation is
remediec. The lavoratory quality controi officer is advised
and provided with written documentation of the out of control
condition and how it was remecdied. Al1 cata generated prior to
the cut of control situation must be reviewed for possible

decertiftication by laboratory management. -

Multipoint calibrations are conducted monthly. Each multipoint
calibratfon includes a trap blank and three standard
concentration levels to bracket the concentration ranges
expected iﬁ ambient air. If subsequent data indicate that the
resulting least squares analyses are consistently acceptable,

Jess frequent multipoint calibrations may be made.

=10~
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PERFORMANCE

a. All ambient field samples are analyzed in duplicate. The relative
error between analyses must be §ess than 20 percent. Dup]icéte
analyses having greater than ZU percent relative error must be

decertified.

b. The percent recovery of the surrogate is recoraed in the instrument
laboratory workbook for each analysis. If this value is outside the

8U% to 120% range, the sample analysis must be repeated.

METHOD SENSITIVITY, PRECISION AND ACCURACY

The method sensitivity, precision andfaccurécy are outlined in Table I.
These data were produced with gaseous calibration standarés, and using
carrier gas as the sample matrix. The relative accuracy of the method,
with the exception of dichloromethane, is based on reference o the
Research Triangle Institute Certified Gas Standards (KBS traceable).
Authoritative reference calipbration standards for dichloromethane are
under development at NBS but are not yet available. The concentration
value of the present standard was assigned by the commercial
manufacturer and found to be in gooa agreement with diluted pure
dichloromethane prepafed in our laboratory. The absclute accuracy of

the method has not been determined by interlaboratory testing.



Ficure I

Sample Loop

High Concentration Inlet

Six Port
Valve

Helium Purge In

| Ambient Concentration Inlet

Ten Port
Valve )
Vent |_Vent
- Flow Controller
Y and Vacuum Pump
e Ve
To G.C.
Tenax
Trap

From G.C.

Figure 1. Schematic of concentrator system. Sampling Conditions
are: 200 cc volume, purge at 40cc/min, 1 min., desorb at 180 C
for 4 min., bake for 8 min. at 225 C.

SYSTEM GUIDE

Operational Valve Position
Step 6-Port 10-Port LSC-2 Purge Gas
Loop Fill 1 1 1 Off
Loop Trap - 2 1 1 Cn
Ambient Trap 1 2 1 Off
Trap Desorb 1 1 2 Off
1 1 1 On

Trap Bake Qut
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Figure 11
Standard PID/ECD Organic Analysis
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Vinyl Chloride
Dichloromethane
Trichlorofluoromethane
1,1-Dichloroethylene
Bromochloromethane
1,1-Dichloroethane
t-1,2-Dichloroethylene
Chloroform )
Freon 113

-
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. 1,2-Dichloroethane

. 1,1,1-Trichloroethane
. Carbon Tetrachloride
. Trichloroethylene

. Benzene

. 1,2-Dibromoethane

. Bromochloropropane

. Tetrachloroethylene

. Toluene



Table I

Method Sensitivity and Precision

Correlation R.S.bx LGD
Compound LCoefficient Slope (Fercent) Detector ppbv
¥inyl Chloride 0.897 0.946 16 P10 0.8
Dichloromethane 0.595 0.675 5 : ECD 0.6
1,1-Dichloroethylene G.9%1 V.66 6 ECD 0.05
‘Chloroform 0.999 0.907 3 ECD 0.0z
1,2-Dichloroethane 0.595 - 1.054 7 ECD 0.1
1,1,1-Trichloroethane 0.999 1 0.985 9 ECD 0.01
Cerbor Tetrachloride 0.599 0.8¢0 6 ECD 0.005
Trichloroethylene 0.899 G.cc2 o ECD 0.02
Benzene 0.5v€ 0.650 10 PiD L.5
1,2-Dibromoethane C.974 1.067 Yy ECD 0.GC5
Tetrachloroethylene 0.954 1.U8U 10 ECD 0.01

= R.S.D. - Relative Standard Deviation at 5 x LOD, n = 5§

-14-
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APPENDIX i

DESCRIPTION OF GLEIT'S METHOD

Gleit's method accounts for the concentrations below the LOD by setting
them equal to the "below -LOD mean" pg| op. the mean of the portion of the

normal distribution below the LOD. Setting the unknown concentrations to
their average value seems intuitively reasonable, and the simulations reported
in Gleit's paper show that his method is more accurate than other commonly
used approximations.

The below-LOD mean of a normal distribution of a variable with a limit of
detection L is given, in terms of L and the mean p and the standard deviation ¢
of the distribution, by equation 1: :

LRLOD = k—o " [ f((L-pw)/o) / F((L-p)/o) ] (1)

In equation (1), f and F are, respectively, the probability density function
and cumulative distribution function of the standard normal distribution. The
"Estimated Concentrations for Samples Below the LOD" reported in Table -2
are the below-LOD nieans of the assumed lognormal distributions of the
concentrations. These below-LOD means are computed from equation (2) in
terms of parameters of the associated normal distribution: the LOD L, the
mean concentration from Table 1I-2, and the estimated standard deviation
(which is not tabulated).

exp (u+0.5" 62)" F((L-p-02)/o) / F(L-wo) )

We now describe how Gleit's method estimates the mean and variance of the
assumed normal distribution. . The mean and variance cannot be estimated by
merely substituting into standard formulas, if below-LOD concentrations are
to be set to the below-LOD mean. On the one hand, the mean and variance must
be known in order to calculate the below-LOD mean from (1); on the other hand,



the below-LOD mean must be known if it is to be used in the calculation of the
mean and variance. Statistical theory, by asserting that a "best -fitting "

mean and variance for the distribution exist, provides a way out of this
dilemma. Gleit uses a simple iterative procedure to compute these best-
fitting parameters. Since his procedure can be simply described in

words, a written description is given, supplemented where necessary by
equations written in a notation more convenient than Gleit's.

Starting with initial guesses p(0) and 02(0) for the mean and variance, the
procedure repeatedly generates new estimates of the mean and variance by
the two-step computation described below until successive estimates of the
mean and variance converge sufficiently (The K-th pair of estimates are
denoted by u(K) and cZ(K).). The two steps are:

(a) The K+1-st below-LOD mean pgj op(K+1) is computed by
substituting u(K) and o(K) (the square root of GZ(K)) into equation (1).

(b) The K+1-st estimate of the mean, p(K+1), is computed in the
usual way with pg| op(K+1) substituted for the sample values below
the LOD. The K+1-st estimate of the variance, 02(K+1), is also
computed in the usual way, with an analogous substitution for
sample values below the LOD: the squared deviations from the mean
of concentrations below the LOD are set equal to the average
squared deviation from the mean of the below-LOD portion of the
distribution.

Let the N sample items be X(1),....,X(N), and let p be the number of sample
items below the LOD. p(K+1) is computed by:

n(K+1) = (1/N) Z Y(J), where Y({J) = X(J) if X(J) > L
and Y(J) = ugLop(K+1) otherwise.

02(K+1) is computed by :

o2(K+1)= (1/N) £D2(J), where D2(J) = (X(J) - p(K+1))2
if X(J) > L, and D2(J) = o2g op(K+1) otherwise.



The quantity GzBLOD(K+1 ), the average squared deviation of the below-LOD
portion of the distribution, is computed from the following equation:

o?gLoD(K+1) = o2(K)[1 - Z(K)* (fZ(K)) / F(Z(K)) ) ],
where Z(K) = ( (L-t (K)) / 6(K) ).

Gleit's method nearly always converges in a few steps unless there are only a
few distinct values above the detection limit, in which case it may converge
very slowly. Gleit's method and closely related methods appear to be the
best available estimators of the mean when the sample includes values below
the LOD, as is demonstrated by the simulations reported in Gleit's paper.
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APPEND!IX TO CHAPTER |11

Methods For Estimating California Methylene Chloride Usage

Methylene chloride data, collected by source category, was used as
the basis for estimating emissions and for comparing the retlative
consumption of different categories. Thirteen major source categories
of methylene chloride use in the U.S. were identified. Estimates of
California consumption of methylene chloride were developed for these
categories.

Different metheods were used to estimate California use for the 13
categories. For several categories, California use was estimated from
estimated U.S. use compiled by the Halogenated Soivents Industry
Afltance (HSIA, 1985). For -other categories, information providing a
more direct estimate of California use was avallable.

Paint removers, aerosols, and miscellaneous:

Population fractions were used to estimate California use from U.S.
use for these four categories. California’'s population was 11 percent
of the U.S populiation in 1980 (U.S. Dept. of Commerce). Thus,
California use was estimated as 11 percent of U.S use for these
categories.

Pharmaceuticals, Photoresist Stripping, Specialty Chemicals, Chemical
Processing & Food Processing:

Domestic manufacturers reported the amounts of methylene chloride
that they shipped to California for eleven different end use categories
during 1985 (HSIA, 1986b). These figures were reported in Table 111-1
as an estimate of California use for the five categories above. They
are considered as lower-end estimates because fractions of the 5,400
tons that manufacturers report shipping to California for unidentified
miscellaneous use could have been consumed by these five end uses.

Degreasin ration

Methylene chioride use for degreasing operations in California was
determined as the ratio of California employment in applicable SiC
categories to U.S. employment in those categories, multiplied by the
U.S. use. Five major industry groups used methylene chloride in
degreasing operations, incliuding: furniture and fixtures (SiC 25),
fabricated metal products (SIC 34), electric and electronic equipment
(S!C 36), transportation equipment (SIC 37), and miscel laneous
manufacturing industries (SIC 39). Emplioyment data by two-digit SIC



code is available from the Bureau of Census. An EPA report discussed
this approach and listed the california use of methylene chloride by
degreasing operations as 3,100 TPY in 1983 (U.S. EPA, 1885).

Distribytion Faclilities:

The quantity of methylene chioride handled by distribution
facilities in California was estimated as a ratio of Callfornia use to
U.S. use times the quantity of methylene chloride handled by U.S.
distribution facillties. Use In this case was considered to be the
total usage determined for all direct users, as presented in Table 111-1
of the text. An EPA report estimated the quantity of methylene chloride
handled by U.S. distribution facilities to be 240,000 TPY (U.S. EPA,
1985).

Urethane Foam Manufacturing:

California consumption for foam manufacture Is based on estimates
made by an EPA contractor. (Pandul io and Nash, 1986). The contractor
identified eight Callfornia facilitles which use methylene chloride. At
this time ARB has not verified whether or not these are the only
facilities which use methylene chloride for manufacturing urethane foam
products in California. Total use by all eight facilities was reported
as 1,600 tons In 1984. The manufacturers supp! ied methylene chioride
use for four of the eight facilities. The contractor assumed that for
the remaining facilities use was equivalent to the average use (194
tons) of all 43 foam manufacturing facilities In the United States for
which methylene chloride consumption was obtained.

Pesticide Manufacturing:

Pesticide manufacturing use is based on information for the one
facility in the state that the EPA identified as a user of methylene
chloride. Use at this facility was 800 tons in 1883 (U.S. EPA, 1985).
It is possible that other pesticide manufacturing facilities located in
California are-using methylene chlioride.

Solvent Reclaimers:

The guantity of methylene chloride sent to solvent reclaimers in
California was based on two sources of information: 1) the palifornia
Department of Health Services and 2) private industry. The California
Department of Health Services collects data from transportation
manifests on the gquantities of hazardous waste shipped in California.
According to these data, 9,685 tons of halogenated solvents were sent to
solvent rectaimers in 1985 (DHS, 1986). Representatives of two of the

-2~



largest solvent reclaimers in California estimated the percent of
methylene chloride Iin the halogenated solvents received (O'Morrow, 1986;
Schneider, 1886). From this information, It was estimated that one
fourth or 2,400 tons of the halogenated solvents were methylene chloride
in 1985.

hemical Pr in lalt hemi Producti
The HSIA reported that in 1985 1,200 tons of methylene chloride were

shipped to California for the chemical processing industry and that 800
tons were shipped into the state for specialty chemical production.

Only two facilities in California which fall into these end use
categories have been identified. Methylene chloride consumption for
both facilities is unknown. It is possible that other chemical

processing and production facilities in California use and emit
methylene chloride.

The two factlities that have been Identifled are both In the San
Francisco Bay Area Air Basin. One uses methylene chloride in the
production of an unidentified specialty chemical and the other uses It
to manufacture rubber cement. Both facilities reported emissions data
to EPA. Methylene chioride emission estimates are 3 tons per year at
the rubber cement production facllity (Howle, 1986), and 54 tons per
year at the specialty chemical production facillty (U.S. EPA, 1985).

Triacetate Fiber Production

Methylene chloride is used as a solvent for triacetate fiber
production at one facility in Rockhill, South Carofina (U.S. EPA, 1985).
Methylene chloride Is not used In this manner In California.
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APPENDIX IV

INFORMATION REQUEST LETTER WITH ATTACHMENTS AND RESPONSES



STATE OF CALIFORNIA GEORGE DEUKMEJAN, Governor

AIR RESOURCES BOARD
1102 © STREET

P.O. BOX 2815

SACRAMENTO, CA 935812

Dear Sir or Madam:

Recuest for Information Regarding
VMethylene Chloricde {(dichloromethane)

(L]

&am writing <o request information on the health
effects of methylene chloride (dichloromethane) as part of our
toxic air ccntaminant program. This program is based on Health
ana Safety Code Sections 39650, et seq. which reguire the Air
Resources Board (ARB) to prepare a report which would serve as
the besis for regulatory action and to determine by regulation,
whether & substance is a %toxic air contaminant. Once identified
&s & toxic &air conteminant, the law further recuires that the ARB
pare a report on the need and appropriate cegree of reculation
the substance, 2fter consultation with the staff of the
artment of Health Services (DES), we have selected methylene
oride as a candidate toxic air contaminant to be evaluated in
accordance with the provisions of Health and Safety Code Sections
35650, et seg. Dburing our evaluaticn of methylene chloride, we
will consider &ll available health information regarding this
substance. Additionally, we are soliciting information regarding
possible bioclogical transformations of methylene chloride.

Before the ARB can formally identify a substance as a toxic
zir contaminan%t, several steps must be taken. First, the ARB
must reguest the Department of Health Services to evaluate the
health effects of the candidate substance. Second, the ARB s+taff
must prepare a report which includes the health effects
evaluation and then submit the report to a Scientific Review
‘Panel for its review. The report submitted to the Panel will be
made available to the public. Information submitted in response
to this request will be considered in the report to the Panel.
2lthough any person may also submit information directly to the
Panel for its consideration, I urge you to submit &ll information
a: this time for our consideration in the development of the
report for the Panél. The Panel reviews the sufficiency of the



ané data used by “he DES in its

informaeticn, metheds,

evalua-icn. Las%, after review by the Scientific Review Panel,
the report with the written findings of the Panel will be
considered by the Air Resources Board and will be the basis for
any regulatory action by the Boara officially to identify a
substznce &s a toxic air contaminant.

Prior to formally requesting the DHS tO prepare a hezlth
effects evaluation of methylene chloride, we &re providing,
pursuant to the provisions of Section 39660(e) of the Health and
Safety Code, an opportunity for interested parties to submit
information on “he health effects of methylene chloride which ne
or she believes would be important in DES' evaluation -of
me-hylene chloride as a candidate toxic air contaminant.

In January 19€6, we conducted a reference search on methylene
chloride heal:h effects using the MEDLINE ané TOXLINE data bases
svailable from the National Library of Medicine. These
information services include material published from 1965 toO
1ate-1985., The a-tached bibliograpny lis-s =he references from
“his informetion search. We are reguesting pertinent information
on methylene chloride health effects, including &any material that
may not be available to the public and/cr thet is not inclucded in
“ne a-tached bibliography.

pursuan: o the provisions of-the public Records Act
(Government Code Sections 6280 et sec.), the information you
provide will be public record and subject to public disclosure,
except for trade secrets which are no- emission data or other
informa-ion which is exempt from disclosure or the disclosure of
which is prohibited by law. The information may also be released
+o the Environmental Protection Agency, which protects trade
secre-s and confidential information in accorcdance with federal
law, ané to other public agencies, which are &lso reguired to
protect such information.

To expedite the review process, we esk that any information
which you believe should be regarded as "trade secret™ be clearly
marked and separated from other information. You may identify
portions of the information you submit as "traae secret™ in
accordance with Health and Safetly Ccode Section 3¢660(e). The
claim of trade secrecy must be supported upon the request of the

air Resources Board. Other information claimed Lo be treade
secre- andé information otherwise claimed to be exempt Ifrom
disclosure may be identified as confidential in accordance with
Section 91011, Title 17, California Administrative Code.
Section 91011 reguires that the claim of confidentiality be
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2315 M Sireet, N, Third Floor, Wzshingion, D.C. 20037 « (202} 223-5890

March 27,

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
Celifornia 2ir Resources ranch
P.0. Box 2815

Sacrazmento, CA 935812

Chlorigdge
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We submit the following scientific informaztion as the basis

for our conclusion that methylene chloride should no:t be

identified &s a2 toxic air contaminant.

(VY]

Two well-conducted epidemiologic siudies have been completed
on worker populations exposed to methylene chloride.

Neither study indiczted z huzman cancer risX associated with
methylene chloride exposure. The most definitive study
compare the mortality razte of over 1,000 employees with
identified methylene chloride expcesure to an cnexposed worker
population. The findings of this study indicate that workers
to methylene chloricde for a minimva of 20 years znd observed
over 20 zdditional years zciuazlly hazd z decrezsed

incicdence of cancer when compzred to the New York Stezte
control population. '
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4. Mechanistic studies have been conducted which provigde
plausible hypotheses for the observed enhancement of
sponteneous tumors in animals exposed to high concentrations
of methylene chloride (mouse lung/liver; Cytotoxicity/physio-
logical stimulation: rat beni N mammary gland; elevated
prolactin levels). HSIA believes that humgns are not exposed
to levels of methylene chloride in the amblent environment
which could cause is chain of events to occur.

Fuorthermore, developmen:t of 2 physioclogically-based
phermacokinetic model for methylene chloride hzs confirmed
that markedly lower tissue levels of biocactive metabolites of
methylene chloride (lower internal dose) would be found in
humans than in experimental animals exposed io comparable
externzl concentrztions of methylene chloride.

To summarize, HSIA believes that methylene chloride should
be identified zs =z toxiec air contaminant. We have enclosed
ionzl pertinent references io support this belief. 1In
i1on we offer our cooperation in answering any guestions
ch might arise in this review of methylene chlorige.

Please feel free to czll me at (202) 223-58¢0.
Sincerely vours,

. v/ 7/ ,/,‘:M’/LZ/\ .
Pauvl Cammer, Ph.D.
Executive Director

Enclosure
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March 31, 1986

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Rescurces Branch
P.C. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

Dur submission of March 27, 1986, contained a typographical
error. On page 3, line 8 the word is should be changed to this.

Sincerely,

Ve &

Thomas Cortina
Assistant Director
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April 10, 1986

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P.0. Box 2815

Sacramento, CA 95812

Re: Methylene Chloride
Dear Mr. Loscutoff:

In my letter of March 27, 1986, I noted that the last two
documents listed in our submission would be sent at a later
date. Those documents have now been cleared for outside release
and are enclosed.

We appreciate your allowing us to submit these documents on
a delayed basis and offer our cooperation in answering any
questions which might arise in your review of methylene
chloride.

Please feel free to call me at (202) 223-5890.
Sincerely,

A Lwen

Paul A. Cammer, Ph.D.
Executive Director

Enclosures
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2315 M Street, N.W., Third Fioor, Washm;,ton D.C. 20037 = (202) 223-5390

July 8, 1986

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P.0O. Box 2815

Sacramento, CA 95812

Re: Methylene Chloride

Dear Mr. Loscutoff:

Dr. Alan Schumann, chairman of HSIA's Health and Science
Committee, presented a seminar on methylene chloride at DOHS'
Berkeley offices on June 4. Enclosed are two copies of the June
24 summary letter ‘which Dr. Schumann sent to Dr. Neutra.

Also enclosed are two copies of the final report for a
two~-generation inhalation reproduction study in Fisher 344 rats,
and the most recent update from CEFIC of their ongoing research
program on the species differences in the metabolism of methylene
chloride. The reports from the first phase of the CEFIC research
program were submitted in March by CEFIC, and they have ‘asked
that HSIA submit this latest update.

We would like you to consider the enclosed materials as part
of the health information used by the Department of Health
Services in its recommendation as to whether or not methylene
chloride should be determined to be a toxic air contaminant.

Please feel free to call me at (202) 223-5890 if you have
any questions or need further information.

Sincerely yours,

Jul [ e

Paul A. Cammer, Ph.D.
Executive Director

Enclosures s

cc: Dr. Raymond Neutra ;gp“



METHYLENE CHLORIDE PRODUCERS ASSOCIATION

A CEFIC Sector Group

Conseil Européen des
Fedérations ge Findustrie Chimique

European Council of Chemical
Manufacturer's Federations

REPLIES TO: Dr M R Harris
Your Ref. Regulatory Affairs
Imperial Chemical Industries PLC
=
Oumer  SG METHYLENE CHLORIDE Mond Division, PO Box 13
The Heath, Runcorn, WA7 4QF

CEHESHIRE, England :
William V Loscutoff
Chief of Toxic Pollutants Branch
Re: Methylene Chloride
California Air Resources Board
PO Box 2815
Sacramento
California 95812
USA
Your ref Our ref Date
MRH/CL 04 Mar 86
Dear Sirs

METHYLENE CHLORIDE (=DICHLOROMETHANE)

1 am writing to you on behalf of the Methylenme Chloride Workgroup of the
European Council of Chemical Manufacturers” Federatioms (CEFIC) with regard
to your 5 February 1986 “Request for Information” regarding methylene
chloride.

This group has spomsored a 2-year program of research om the species
differences in the mechanism of action and biological tramsformation of
methylene chloride in an effort better to understand the marked species
differences in tumorigenicity as evidenced by a number of long term
bioassays in the rat, the hamster and the mouse inm which only the mouse
shows clear evidnece of a carcinogenic response - and this omly at the high
doses of the recent NTP inhalation bioassay, and yet mot at the similar
internal doses of the recent NCA ingestion (drinking water) bioassay.
Further evidence suggestive of a species difference - or a dose-response
difference, or both - is provided by the human epidemiology (particularly
the 1985 and 1986 extensions of Friedlander’s studies at Kodak, NY). This
provides data which (while imevitably unable to "prove" a2 negative
conclusion) makes any significant mman risk a highly improbable
bypothesis, and whose most probable explanation (by far) is the hypothesis
of zero human risk.

Avenue Louise 250, Bte 72 B-1050 BRUXELLES Tél.: 640.20.95 Tix : 62 498 Telefax : 640 1881
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Our own studies are being conducted at the Central Toxicology Laboratory of
Imperial Chemical Industries PLC in England, with external scientific
monitoring and peer review b the European Chemical Industry Ecology &
Toxicology Centre (ECETOC). The work will in due course be published in the
scientific literature, and the laboratory studies are fully open to
independent audit. The first stage of these studies has recently been
completed, and copies of the three full final reports are enclosed; this
work has also recently been presented at Toxicology Forum in Washiggton DC
(February 1986) and at the Annual Meeting of the US Society of
Toxicologists in New Orleams (March 1986); it has also been submitted to
EPA, FDA, CPSC and OSHA.

This stage of our work bas included a 10-day inhalation cytotoxicity study,
DNA binding studies, and unscheduled DNA synthesis (UDS) studies (in vivo/
in vitro and in vitro) - in the B6C3Fl mouse and Fisher F344/N rat. We have
found evidence of cytotoxicity to a specific cell type (the Clara cell) of
the mouse lung, but not in the rat lung nor in mouse or rat liver. Under
our experimental conditions we found no evidence for DNA-binding or UDS,
strongly suggesting that under these conditions there is no interactiom
between methylene chloride or its metabolites and mammalian DNA. This would
be consistent with a mon-gemotoxic actiom of methylene chloride, mot
necessarily because of "instantaneous. detoxification of a carcinogen”
(apparently the only rationale, among the many possible, considered in the
_ Novermber 1985 Califormia DHS carcinogen risk assessment guidelines) but
more probably because (bearing in mind the existence of at least two
independent metabolic pathways, at least ome of which is saturable) no
stable genmotoxic intermediates were generated.

The second phase of our work, now in progress and expected to complete
during the third quarter of 1986, is studying quantitatively the metabolic
pathways involved in mouse, rat, hamster and man. Collection of the
relevant pharmacokinetic data, and its ipcorporation into appropriate
phamacokinetic models, should allow us to establish and quantify
interspecies differences in metabolism, the existence and level of any
thresholds and, more generally, the shape of possible dose-respomse curves
for comparison with animal bioassay findings, and with the findings of
epidemiological studies.

It is our belief that this approach should assist the risk assessment
process by allowing the use of experimentally-determined and scientifically
valid dose-response relationships, rather than simplistic limear
extrapolations between the high doses of apimal bioassays and the much
lower levels of human exposure, and the even greater extrapolation from
mouse to man under circumstances where the mouse fails even to predict the

bioasssy respomse of such other rodents as the rat and the hamster.

Yours sincerely

DR M R HARRIS

W

Encs



DOCUMENTS ENCLOSED:

CEFIC
CEFIC
CEFIC

CEFIC
Liver

CEFIC

submission to EPA. 20 September 1985. Interim report.
submission to EPA. 13 December 1985. Interim report.
Research Report No: CTL/P/1432. 10 Day Inhalation Toxicity Study.

Research Report No: CTL/R/851. Interaction with Rat and Mouse
and Lung DNA In Vivo.

Research Report No: CTL/P/1444. In Vivo and In Vitro UDS Studies,




METHYLENTE CHLORIDE PRODUCERS ASSOCIATION

A CEFIC Sector Group

Consei Europeen des
Feoeratons ae l'ingustrie Crimigue
REPLIES TO:
European Counce of Chemical
Manufaciurer's Federanons M R Harris General Chemicals Business Group
Imperial Chemical Industries PLC
Mond Division
P O Box 13
OuRel  §G METHYLENE CHLORIDE RUNCORN Cheshire HAT GQF

Your Ret

Telephone Runcorn (0928) 511344 (Direct)

William V Loscutoff

Chief of Toxic Pollutants Branch
Re: Methylene Chloride
California Air Resources Board
PO Box 2815

Sacramento

California 95812

USA

Your ref Our ref Date
MRH/CL 08 Oct 86

Dear Sirs
METHYLENE CHLORIDE

We refer to our letter of 4 March 1986 with which we enclosed reports on the

earlier phases of the research programme being conducted by us in Eurcpe into
species differences in response to methylene chloride, and their relevance to
human health.

With our earlier letter we provided two interim and three final reports

on the first phase of this work, in which no evidence could be found for any
gernotoxicity of methylene chloride in rats or mice - strongly suggesting that
any quantitative carcinogenicity risk assessment could not simply extrapolate
fram high-8ose bicassays to low occupational exposures, and would need to
reflect cross-species differences.

We now have pleasure in submitting four final reports on the second phase of
the CEFIC studies (Ammexes 1 - 4) which describe the results of a study of

- S-phase hepatocyte induction in the mouse, of an evaluation of methylene
chloride in the mouse microrucleus test, of in vivo studies on the
pharmacckinetics and metabolism of methylene chloride in mouse and rat, and
of in vitro studies on metabolism in rat, mouse, hamster and man.

Avenue Louise 250, Ble 72 B-1050 BRUXELLES Tei 64020 95 Tix - 62 498 Tetetaxr " 640 1581
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We believe that these latest studies from ocur research programme considerably
add to the weight of evidence suggesting that methylene chloride does not
express genotaxic effects in vivo in mammalian systems, and that the mouse is a
quite inappropriate model for man in view of major differences in its
metabolism of methylene chloride. Instead, the hamster would appear to be the
most appropriate species for evaluating the luman carcinogenic potential of
methylene chloride. These results £it well with the observed absence of
carcinogenicity in the hamster lifetime bioassay (Burek et al), and in the
human epidemiology (Friedlander et al, as updated June 1986 with enhanced
statistical power, and showing absence of dose-response).

We trust that this further new scientific information will assist the Air
ResamesBoardandﬁxeDeparmentofHealﬁ\Servicesinassessirgthe

ievel of any toxic hazard arising £rom methylene chloride. We believe that
theseresultspmvideevengreateromfidencemﬂmeviewﬂmatﬂwerecmtm
inhalation bicassay findings are without direct relevance for human health, and
that methylene chloride does not pose a carcinogenic threat to humans.

We hope that Dr Trevor Green, who has been responsible for much of the work
described in the enclosed reports, will be in California in November. If you
feel that discussions at that time with scientists from DOHS or CARB would be
helpful, perhaps you would let me know as scon as possible so that we may
discuss dates. In any case, we will do our best to respond to any further

queries you may have.
Wy
s e
DR M R HARRIS

Eurcpean Council of Chemical Mamufacturers' Federations (CEFIC)
Internaticnal Office for Chlorinated Solvents (BITSC)
Methylene Chloride Workgroup



Enclosed:

Amnex 1.

Arnex 2.

Annex 3.

Amnex 4.

Methylene Chloride: An Evaluation in the Mouse Microarmucleus Test
Report No: CTL/P/1603

Methylene (hloride: Induction of S-phase Hepatocytes in the Mouse
after in vivo
Report No: CTL/R/885

Methylene Chloride: In vitro Metabolism in Rat, Mouse and Hamster
Liver and Lung Fractions and in Human Liver Fractions

Report No: CTL/R/879

Methylene Chloride: In vivo Inhalation Pharmacokinetics and

Metaboligm in F344 Rats and B6C3F1 Mice
Report No: CTL/R/880



METHYLENE

A CEFIC Sector Group

CHLORIDE

PRODUCERS

Conseil Européen des
Fédérations ge Findustrie Chimique

European Council of Chemical

Manutacturer's Federations

Your Re!,

Our Ret.

SG METHYLENE CHLORIDE

o~

;

William V Loscutoff

Chief of Toxic Pollutants Branch
Re: Methylene Chloride
California Air Resources Board
PO Box 2815

Sacramento

California 95812

Usa

Dear Sirs

Replies to:

Dr M R Harris

Imperial Chemical Industries PLC
Mond Division

PO Box 13
The Heath
RUNCORN
ENGLAND

Cheshire  WA7 4QF

Tel: (0928) 511344 (Direct)

17th November 1986

METHYLENE CHLORIDE - TOXICOLOGY REPORTS FROM CEFIC

We recently sent to you four reports on our toxicological investigations of
methylene chloride, numbered and titled as follows:

Report No: CTL/P/1603 ve

CTL/R/879 ..

Evaluation in the Mouse Micronucleus Test

In Vitro Metabolism in Rat,- Mouse and Hamster

Liver and Lung Fractions and in Human Liver

Fractions

CTL/R/880 .+. In Vivo Inhalation Pharmacokinetics and Metabolism
’ in F344 Rats and B6C3F1 Mice

CTL/R/885 ..

Induction of S-phase Hepatocytes in the Mouse

after In Vivo Exposure

Avenue Louise 250, Bte 72

B-1050 BRUXELLES

Tél.: 640.20.95 Tix : 62 498 Telefax : 640 1981

ASSOCCIATION
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Due to an administrative oversight, these reports were marked 'Confidential -
not to be copied' on their title page. We would like to assure you that these
reports are NOT confidential, contain no confidential business information, and
are intended for placement on the public record for public comment and review.

We have also noted a calculation error in the data in Table 4 of Report No
CTL/R/879 ( In Vitro Metabolism) and enclose an audited correction sheet with
the corresponding Quality Assurance Statement from the contracting Laboratory.
The nature of the error is such that it does not in any way alter the
conclusions in the text or the interpretation of the report.

We apologise for any inconvenience these errors may have caused.

Yours sincerely

DR M R HARRIS
Regulatory Affairs

Enc



METHYLENE CHLORIDE

A CEFIC Sector Group

PRODUCERS ASSOCITIATION

Conserl Européen des
Feoérations oe I'ingustnie Chimique

European Council of Chemical
Manufacturer's Fegerations

Your Ref

SG METHYLENE CHLORIDE

Our Ret

METHYLENE CHLORIDE (DICHLOROMETHANE). SPECIES DIFFERENCES IN METABOLISM.

Replies to:

Dr M R Harris

Imperial Chemical Industries PLC
Chemicals & Polymers Group

PO Box 13

The Heath

RUNCORN  Cheshire  WA7 4QF

ENGLAND .

Tel: (0928) 511344 (Direct)

8th May, 1987

Further to our earlier submissions, we are pleased to enclose an interim
Statement giving the latest results of metabolic studies conducted on our
behalf at the Central Toxicology Laboratory of ICI in England, and confirmed by
parallel independent studies by the Mammalian and Environmentsal Toxicology
Laboratory of Dow Chemical Company in the USA.

We expect to report in more detail on our own further studies by mezns of &
further interim submission in early June in order that the Science Advisory
Board may have as much information as possible available for the June meeting

of the Halogenated Solvents Subcommittee.

A full report should be available in

July/August 1987 and should contain more detailed metabolic and pharmacokinetic

/«[//W

findings.

Dr M R Harris
Chairman, Methylene Chloride Workgroup

Bureau International des Solvants Chlores (BITSC), CEFIC

Avenue Louise 250, Bte 72 B-1050 BRUXELLES

Tél: 640.20.95

Tix : 62 498 Telefax : 640 1981



METHYLENE CHLORIDE PRODUCERS ASSOCIATI O

A CEFIC Sec(or Group

Conseil Europeen des
Fedérations de I'industrie Chimique

European Council of Chemical
Manufacturer's Federations

Replies to:

Your Rel.

Our Ret.  SG METHYLENE CHLORIDE Dr M R Harris
Imperial Chemical Industries PLC
. Chemicals & Polymers Group
PO Box 13
The Heath
RUNCORN Cheshire WA7 4QF
ENGLAND

Tel: (0928) 511344 (Direct)
15th July, 1987

Dr W V Ldscutoff

Chief of Toxic Pollutants Branch
California Air Resources Board
P 0 Box 2815

Sacramento

California 95812

USA

Dear Mr Loscutoff

METHYLENE CHLORIDE (DICHLOROMETHANE):

NEW RESULTS FROM RESEARCH INTQ SPECIES DIFFERENCES IN TOXICOLOGY:
Please find attached ECETOC Statement No. 4 (June 1987) being a further
submission of results from ongoing research sponsored by CEFIC and
conducted at the Central Toxicology Laboratory of ICI in England.

The results further extend and further quantify our understanding of the
marked cross-dose and cross-species differences in the toxicology of
methylene chloride in three rodent species and in man.

Full reports of these studies will be available in October 1987.

Yours sincerely

Dr M R Harris '
Methylene Chloride Workgroup

Bureau International Technique des Solvants Chlores

Conseil Europeen des Federations de 1'Industrie Chimique

Encl

Avenue Lovise 250, Bte 72 B-1050 BRUXELLES Tel.: 640.20.85 Tix:62 498 Telefax : 640 1981



E. I. DUPONT DE NEMOURS & CO. (INC.)
WILMINGTON, DELAWARE 19898

MARKETING COMMUNICATIONS DEPARTMENT

February 18, 1986

Mr. Peter D. Venturini
State of California
Air Resources Board
P.0. Box 2815
Sacramento, CA 95812

Dear Mr. Venturini:

Thank you for your recent correspondence requesting
information concerning methylene chloride.

The Du Pont Company is not currently engaged in the
manufacture or supply of this item.

Listed below is the name and address of the firm
indicated as manufacturer or supplier of the product
involved.

Dow Chemical USA
2020 Dow Center
Midland, MI 48640
517-636-1000

We acknowledge and appreciate your interest in our
Company.

Product Information Center
800-441-7515

E-18116 REV. 11/83
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Chevron Environmental Health Center, Inc. 12\ SN
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William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board

P.0. Box 2875

Sacramento, California 95812

Dear Mr. Loscutoff:

As per your request, in accordance with Health and Safety Code Sections 39650,

et seq., we have

reviewed our files on the health effects of methylene

<hioride. We have no relevant "in-house" data on methylene chloride, but feel
the following references may be useful additions to the bibliography for the
Department of Health Services:

1. Heppel, L. A., Neal, P. A., Perrin, T. L., Orr, M. L.,
Porterfield: Toxicology of Dichloromethane (Methylene

Chloride).

1. Studies on Effects of Daily Inhalation.

J. Ind. Hyg. Toxicol. 26: 8-16, 1944.

2. Heppel, L.

A., Neal, P. A.: Toxicology of Dichloromehtane

(Methylene Chloride). II. Its Effect Upon Running Activity in
the Male Rat. J. Ind. Hyg. Toxicol. 26: 17-21, 1944,

Thank you for the opportunity to contribute to the review of candidate toxic

air contaminants,

Sincerely, ‘
/?.D (:;,fxlﬁz///é?Fﬁﬁ(



New York State Department of Environmental Conservation 7 »;/6"/\
50 Wolf Road, Albany, New York 12233-0001 2 é

Henry G. Williams
Commissioner

Mr. Peter Venturini

Chief

Stationary Source Division MAR 11 1086
State of Califormnia

Air Resources Board Crotionary 3oUrce
1102 Q Street
P. 0. Box 2815 Al s
Sacramento, California 95812

Dear Mr. Venturini:

This is in response to your letter of February 5, 1986 in which you
requested information on the health effects of methylene chloride. At this
time, we are conducting a quantitative risk assessment by applying statistical
models to the bioassay data obtained from the inhalation study completed
by the National Toxicology Program (NTP) in 1985. 1In addition, we will be
completing a search of the same references which were included with your
letter.

When we have completed this risk assessment, we will be glad to send
you a copy.

Sincerely,

Suginin N2

Virginia M. Rest
Environmental Chemist

" Section of Toxics Assessment
Bureau of Air Toxics

VMR:cb



HEATHER Suufier| Stauffer Chemical Company

DIVISIONS i ;
636 California St./San Francisco, CA 34108/Tel. (415) 544-9311/Cable “Stauffer”

REPLY TO:
P. 0. Box 7766
San Francisco. CA 94120

March 3, 1986

William V. Loscutoff, Chief
Toxic Pollutants Branch

RE: Methylene Chloride
California Air Resources Board
P. 0. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

Per your request, attached please find a copy of our Product
Safety Information Sheet for Methylene Chloride.

Also, please be advised that as of March 1, 1886, Stauffer
Chemical Company is no longer in the Methylene Chloride
business.

Sincerely,

M//@x%

W. Meier
Senlor Technical Service Representative
Basic Chemicals Division

WIM:el
enclosure
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Product Safety Information

METHYLENE CHLORIDE

This Product Sefety information Sheet is principally
cirected 1o managerizl, safety, hygiene and medical
personnel. The description of physical, chemical and
toxicological properties and handling advice is based
On experimeniai results and past experience. I is in-
tendec as z starting point for the development of health
and sefety procecures.

Synonyms: Dichioromethane; Methylene dichioride
CAS Registry Number: 75-08-2

!, PHYSICAL AND CHEMICAL PROPERTIES

- Formula

CHCle

Formula Weight

84.84

Physical Stzfe/Description
Coloriess voizatile liquid &t 68°F (20°C), 14.7 psia
Autoignition Temperature
1224°F (BE2°C)

Boiling Point

104 (40°C)

Density

11 ibs/getion &t BS®F (20°C)
Evaooration Rale

1.47 (Cerbon tetrechloride = 1)
Explosive Limits In Pure Oxygen

LEL: 18.8%:: UEL: 66.4% -
Fiammebility Limits In Air

12.€ 10 18,1 [% volume at 212°F (100°C))

Freezinn Point

-142°F (-28.7°C)

Miscibility

hiscibie with zlcohol and ether

Odor -

Penetrating. ether-like, pleaszntly eromatic, sweet odor
pH '
Siightly 2lkaline (weater extract) .
Solubility
Sparingly soluble in water
17.82 ¢/100¢ in waier &t 88°F (20°C))

" Specific Gravity

1.228 21 B8°F/68°F (20°C/20°C)
Vepcr Pressure

120 mmHg at 32°F (0°C)

E30 mmig at 88°F (20°C)

700 mmHg gt 100°F (37.7°C)
Viscosity )

C.43 cp 2t BB°F (20°C)

IN CASE OF SUSPECTED POISONING,
REFZR 7O THE PROCEDURE AND EMERGENCY
CONTACTS iN SECTION Vill: FIRST AID.
iN CASE OF SPILLAGE, REFER TO THE PROCEDURE
AND ENERGENCY CONTACTS IN SECTION X:
So1LL HANDLING OR CALL (CHEMTREC)
(800} 424-E300.

—~

¢
Il. CHEMICAL REACTIVITY

Does not undergo hazardous polymerization. However,
e serious chemiczl reaction, with the possibility of ex-
plosion, could result if halopenated hydrocerbon sol-
vents are used in pressurizable fiuid systems having
aluminum or galvanized wetted paris. Prolonged expo-
suretowaterzieleveted temperztures (140°F/60°C) may
cause noticezble hydrolysis. Mzy react violentiy or ex-
plode upon contzct with alkali or chemically active
meials such as finely powdered zluminum, maponesium,
poizssium znd/or sodium.

I, STABILITY

Sizble &t embient temperatures and atmospheric pres-
sure. However, exposure 10 high temperature sources
(such a5 open flame and welding arcs) causes thermal-
oxidative decomposition yielding toxic phosgzne gas
gnd corrosive hycrogen chioride.

IV. FIRE HAZARD

Methylene chloride does not have 2 measurzble dash
poifit by conventional test methods. It is not considered
flammaeztie but forms flammazable vapor/eir mixtures at
epproximzieiy 212°F (100°C) or higher. Under fire condi-
tiong, decompeses to form toxic phosgene gas anc cor-
resive hydrogen chloride, -

V. FIREFIGHTING TECHNIQUE

Vepors zre irritating 16 the respiratory tract and may
ceuse breething ditficulty and pulmonary edema. Symp-
toms may be deievad several hours or longer cepending
vpon the extent of exposure.

Asinzny fire, prevent human exposure to fire, sroke,
fumes or procucts of combustion. Evacuzie nonessen-
tizl personnel from the fire zrea. Firefighters ghould
wezr full-face, seli-contained breathing epparatus end
protective clothing.

Use sienczrg firefighting techniques to extinguish
fires involving this meterial—use weler sprey, cry
chemicels or carbon dioxide.

It not legking, use 2 weter epray to keep fire-exposed
coniziners coolto prevent rupture due to excessive heat.
Hich pressure wealer hose may sprezd product from
brokencontzinersincrezsing contamination oriire
hezard.

VI. HUMAN HEALTH
WARNING: Vepor and lipuid may be harmiul if inhzleg,
swzllowed, or absorbed by skin. Avoid pro-
longec or repeated brezthing of vapor. May
czuse skin enc eye irritation. Avoic contact
with skin, eves, and clothing.
The primery rovie of eniry for methylene chiorice is
inhzlation.
innzletion ¢f targe emounts of the vapor meay cause
rzusse. chilis, heecache. lichthezdedness, Srowsiness,

ng irritzlion of the respirztory traet. Continued O\ferex-/

UFFER CHEMICAL COMPANY
-~ . ~ Vol




'0'1 aﬁd blurrec vision may result from eye
conrtact by the liguid or large quantities of the vepor.

Proionged skin contact with the liquid may cause
burns. Repeeated skin exposures may procuce dermatitis,

LONG TERM EXPOSURE: An epidemiological study
per‘o*me" on & large croup of meale workers at an

zsiman Kocak facility in New York, who were contin-
uo”si) exposed {0 estimated TWA exposures of 30 - 125
ppm of methylene chioride for up to 30 years, has been
reported. Thare was no increazse in mortelity among
exposed workers as compared toindustriglcontrols and
the genera! New York State male population. (1)

Yii. TOXICOLOGY

Ingestion =

The zcute oral LDS01s 2,710 mg/kpin melerets end 2,330
mg/kg in {femele rats. A single orel dese ol 2180 me/kg
produced mild depression end 20 percent moneality in
mazle rets, end produces moderste to severe depression,
tremeoers anc 40 percent moriality in femeaie rats. Asingle
orzl dose of 4,640 mo/kg resuliec in dyspnee. glexia, end
nzrcosis in female rais and 100% mortelity in mele and
female rats.

Skin Contact
The acuie cerme! LD50 is creater then 4.640 mg/kg in
rebbits. A single dermzl epplicetion of 4.640 mg/ko
gi¢ not procduce signs of icxicity in mele or femele
rzbbits. Local eHects included z milg enythema enc
moderzte edeme.

WMiic 1o moderzie irritent 1o rebbit skin {oliowing a
Z-hour exposure.

Eye Contzct .
A single cculer dose of 0.1 mL producecs tecrimetion.
x...la mmaziicn, conjunctivel edeme. znd en increzsed
cornez! th.cr...ess (reversible). (%)

inkalation
The zcuie inh

zigtion LC30 is grester then 1€.5 mg/L
(nominz! concent relicn) in ooth mzle znc femaezle rets.
Asingle i-hourinh ata‘.son exposure ¢f 1.2 mc/L (nomi-
ﬂ:f concentraticn ) oroguces slicht cepression, moder-

Jlar protrusion. The acute inhelation
LCZ0 in mice is epproximeately 14,400 - 17.400 ppm.
Qe ven hour pss.,.es to coses rencing from 38,000 -

002 ¢ ocuced etexiz, leborec respiration, mus-
CUl=r W vu:-md end nercosis. (3)

Mo-ﬂevc cdogs, rebbits. cuinez pigs enc reis expcsec
10 300 ppm for € hour/cay. § Cays/week, ior 15 weeks
showes 20% mcn.—_my (in reig). end z slight increzsé in
eosinophils (rebbits). (%)

Monkeys, doge. raig, znd mice were continuously
expesed 1c 22 or 100 ppm for 100 cavs. No overt signs
c‘ siress were phserved. The exposure produced: histe-

sainologicel etfects in mouse livers (100 ozm) anc rat
' r"‘nev< (25 znc 100 ppm): no sicnificant findings in
hemaiolocy, clinice! chemistry or hisicpzthology in

cogs end monkeys: end significently increzsec carboxy-

hemoclobinin dogs anc monkeys (monkeys 100 and 28
ppm. dogs 100 ppm). (3)

Rats and hemslers were expesed by inhelagtion to C,
500, 1.500 or 3,500 ppm of methylene chioride for 6
hours per czy, 5 days a week for 2 years. No organ-
specific toxicity was observed in hamsters. Carboxy-
hemoglobin levels were elevaied in hemsters and rats at
all dose levels, but this effect was not cumulative. (4)

Histopathological effects in the liver were observed in
male and femeale rets at all dose levels and considered to
be exposure-relzied. Despite these etiects, there was no
increase in neoplastic (hyperplastic) liver noduies ang
no increase in hepatocellular cercinomas. (4)

Increzsed totz! numbers of benign mammery tumors
were seen in mele and female rats, but no increase in
malignant mammary tumors was cbserved. There were

" no significent lung tumor findings in any exposed croup

compzred to the controls. (%)

Male rats in the 3,500 ppm dose croap exhibdited & sig-
nificent increase in sarcomas in or eround the sahvary
glands. A significant increase in this finding was not
observed inmeles expesed &1 500 or 1.500 ppm or any of
the exposed femzles. (4)

In & second study, mele end {emezle rats were exposed
to 0, 30, 200, or 500 ppm tor € hrs/cey. 5 days/week for 2
yeers. Additioneally, cne group of females was exposed
gt 500 ppm for the first 12 months only, and another
group for the second 12 months only. (5)

A significant increese in hisiopethological effects in
the liver was observed infemzles exposec 10 500 ppmifor
2 years anc 1o 500 ppm for the first 12 months. (5)

Mutagenicity .
Methylene chloride was examined for mu‘.:cemc activity
in in vitro microbial essavs, with. and without metabelic
activation, using the TA-100 end TA-9B strzin of Sei-
monelle typhirmurivm es the indicetor orgenism. The
compound demensirgtec mu‘.zcem activity in soth
assays. (f)

IMethylene chioride did notinduce Chromosomeal eber-
retlions’in & rzt bone marrow assay. (¢)

Methylene chiorige inguced celiulzrtransformetion in
Fischer rzt embryo celis. (7)
T-4054, T-171, 7-5528

Vill. FIRST AID

CALL A POISON CENTER OR
A PHEYSICIAN IMMEIDIATELY.

fz known expcsure occurs or is suspected, immediziely
start the recommended procecures below. Simultan-
eously contzct & Poison Center, & physician or the
nezrest hospitzl. inform the person contacied of the
type eng extent of exposure, describe the victim's symp-
{oms, gn¢ follow the edvice given.
NOTE TO PHYSICIAN

Methylene chlorice is metebolizec to carbon monexide
ang cerbon cioxige. The resulient elevaticn of carboxy-

hemog!obin levels is of short curztion (e.g. usuzlly less~

(*1J. Oce. Meg. 20 (10):€57 (1578).

(?) Texicol. 61373-187 (1E76).

(3) HEW (NI1OS8H=) Publicztion No. 76-338.

(¢) Burek, J. D. et. gl (1880) Methvlene Chioride: "A Two-Year
intizletion Texicity enc Oncogenicity Stucy in Rats ang
Hemsiers.” Fine! Repor issuec December 31, 1280 by Dow
Chemiczel, USA.

() Nuschke K.D. el 2! (1882} Methviene Chiorice: "ATwo-Year
Texicily anc Oncepenicity Strcy.” Fingl Reportissuec
Ocieber 31, 18EZ by Dow Chemiczl. USA.

(¢} i Res. 5 2t 5 2¢B (1E7E)

{7)in Vitro 14:220-283 (1E78)

-
£
=
-
4



than 48 hours) unless overexposure is prolonged.-Inha-

‘21.0n 0f large amounts of methylene chloride may cause
bulmonary edernz and could be fatal. Exposure to high
concentrations of methylene chioride may czuse de-
prassion of the central nervous system.

FOR ADDITIONAL MEDICAL OR TOXICOLOGICAL
INFORMATION, CALL COLLECT, DAY OR NIGHT,
STAUFFER CHEMICAL COMPANY (203) 225-6602

OR CHEMTREC (800) 424-8300.

ingestion
It swellowed, immediately give several glasses of water
Sut do netinduce vomiting. If vomiting does occur, give
fivids again. Have a physician determine if condition of
petient will permitinduction of vomiting or evacuztion of
stomach. Do not give anything by mouth to an uncon-
scious or convuising person.
Skin Contact
Immediately flush zll aHected areas with large amounts
of water for at least 15 minutes while removing any
contaminaled clothing and shoes. Do not ettempt 1o
neuirzlize with chemical zgents. Get medical zttention
immedgiziely. Wash clothing before reuse.
Eye Centact _
mmedistely flush the eyes with large quantities of run-
ning wzter fora minimum of 15 minutes. Hold the eyelids
e2oan during the tlushing to ensure rinsing of the entire
suriace of the eye and fids with water. Do not aftempt to
newiralize with chemical agents. Obtain medical ztien-
1o &s s0on as pessible. Oils or ointments should not be
used. Continue the fiushing for an additionzl 15 minutes
it the physician is not immediately evailzble.
Inhalziion
Femcve from contaminzted etmosphere. Seek medical
aniention if respiraiory irritation occurs. t the breathing
becomes ditficull, cxygen may be Gelivere¢ from =z
emznc-lype Or continuous fiow inhaler, preferzbly
with g physician's advice. If not brezthing. give artificial
resoirgtion, preferably mouth-to-mouth. Get medica!
guenticn.

IX. INDUSTRIAL HYGIENE

ingestion

Ahiood should be keptin e separete arez away from the
sicrace/use location. Eating, drinking and smoking
should be prohibited in arezs where there is 2 potential
167 signiticent exposure 10 this meterizl; Before ezting,
hiznds and face should be thorouphly wasned.

Skin Centact

Skin contact with liguid or its zerosol shoule be pre-
vznied through the use of suiteble proiective clothing,
clcves anc footwear selected with regard {or use condi-
1100 expasure potential.

Eye Centact

Eye coniact with liquid or its zercsol should be pre-
venited threcugh the Uuse &of chemical szfety glasses,
gogccies or z fzce shield selected with regerc for use
concition exposure poiential,

Inhalation

I use conditions generzte airborne liquid, aerosol or
vepor handie this meterizl only inzn open (e.g., outdoor)
orwellventilated arez. Where adequzte ventilation is not
avzilzble. use NIQSH-zpproved Organic vapor respira-
tors 10 recuce expeosure. Where exposure potential
under the use conditicns necessitates 2 higher fevel of
protection, use & pesitive-pressure, air-supplied respi-
retor.

Exposure Limits

The Federzl OSHA Permissible Exposure Limit (PEL) is
an &-hour, time-weighiec average of 500 ppm (1,700
mg/m’) and 2 ceiling concentration of 1,000 ppm for
methylene chioride. (3)

The American Conference of Governmental Industrial
Hycienists (ACGIH) has recommended a Threshold
Limit Value (TLV) of 100 pom (360 mg/m®) 25 an 8-hour
time-weightec averace, znd z Short Term Exposure
Limit (STEL) of 500 pzm (1.700 mg/m?) for methylene
chiorige. (§)

X. SPILL HANDLING

Mzke sure 2l personnel involved in the spill cleanup
follow good ingustriz! hyciene praciices (refer to SEC- -
TION IX: INDUSTRIAL HYGIENE). Any person entering
g significant spili arez or 2n unknown concentration of &
¢es or vepor, should weszr 2 positive-pressure, seli-
conizined brezthing zpparatus or & positive-pressure,
suppiied-gir respirator with escepe pzack.

Smell spills can be handlsd routinely. Use adequate
ventilation enc wear z respirztor 1o prevent inhalation
exposure, Wear proieciive clething 1o prevent skin ang
eye coniact. Use the fcliowing procedures:

Evecualespilizrez enc remove sources of combustion
g the arez and let smell spills
evzporeie. Somewhezt izrger sgpills should be contzined
encrecovered where presible Mop up spilled methylene
chlorice cr adsorb with & suitable zdsorbent such zs
Clay. sewgust or kifty litter. Reclaim weaste solvent by
cistiliztion procecures or oHer for cispeszlto a licensed
hycrecarbon solvent reclzimer.

Large spills shoulc b2 hancled zccording to & nrede-
termined plan. For zssisiznce in ceveloping a plen, con-
12¢t Sizutier Chemicsz! Ccmsany, Westport, CT 068861,

i.
1

IN CASE OF SPILL EMERGENCY, DAY OR NIGHT,
CALL (82D) £24-8300
CHEMTREC.

Xl. CORROSIVITY TO MATERIALS OF
CONSTRUCTION -

in the zbsence of conizminztion by water or moisture,
methylene chloride is not corrosive to common meterizls
such zs copper. iron or sizinless steel, In contact with
wztler or moisture, penicuiarly 2t elevaied temperatures,
it car be corrosive. Mes “viene chiorice may soften or
cissolve cenzin plesiics 2nc rubbers. Avoid contact with
elkeli or chemicelly active metzis because an explosion
mey occor (See SECTION H:CHEMICAL REACTIVITY).
(3;2% CFR 3810.9000
(*} Tne Americen Cernigrenc
Fyzienists (ARCGI=Y 822 T
icel subsiences enc ot
ENVHOAMEN with e e

ety

ATCHR: Cincinnzii. Crio.

ol Governmentz!l Ingusirial
¢l Limit Velues for cherm-
& ECenis in the workroom
s cnenpes for 1982,

)
o
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Xil. STORAGE REQUIREMENTS

Contziners should be stored in a cool, dry, well venti-
lated aree away irom flammable materials and sources
of hezt or flame. Store away from foodstufis or animal
feed. Exercise due caution to prevent damace 10 of
leakage ircm the container.

Avoid zirborne conceniration buildup. No smoking
where vapors of this meaterial are present. Open con-
{ainers with caution.

When methylene chioride vapors are drawn into the
cembustion chamber of a2 space heater, even at low
levels, severe corrosion dameage tothe heatercan occur.

Xl DISPOSAL OF UNUSED MATERIAL

NMaterial that cannot be used or chemically reprocessed
should be gdisposed of 2t an approved facility in eccor-

cznce with any zppiicable reguletions under the Re-

source Conservetion anc Recovery ACt.

NOTE: State ang lecal regulgtions may be more strin-
gent then Feoeral.

Cor:zct the nezrest Stzuifer Szles Office for essis-
tance in disposing of unused materigl. Wesle mzaterial
car bz sentto e licensed hydrocarbon solventreclaimer.
XIV. DISPOSAL OF CONTAINER
Dispeose of empty contziners eccording to 2ny appli-
cetleregulztions uncer the Resource Conservation and
Recovery Act.

NOTE: Stzte end local regulations may be more strin-
gent than Federal. :

XV. ENVIRONMENTAL PRECAUTIONS
Avoid runct 10 sewers.
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ACIFIC GAS AND ELECTRIC COMPANTY

=T
G=ilE — 77 BEALE STREET - SAN FRANCISCO, CALIFORNIA 94106 « (415)781-4211 + TWX 910-372-6587

June 4, 1986

ir., William V. Loscutoff, Chief
Toxic Pollutants Branch

Re: Methylene Chloride
California Air Resocurces Board
P.0O. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

Request for Public Health
Information Regarding Methylene Chloride

Pacific Gas and Electric Company received your February 5, 1986
request for additional public health information regarding
Methylene Chloride. We have reviewed the bibliography attached to
your request and concluded that we are unaware of any additional
information which would be of use to you.

wWhen the risk assessment report becomes available, please send me
a copy.

Sincerely,

i

F. McKenzie
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STRY ALLIANCE

2315 M Street, N.W., Third Floor, Washington, D.C. 20037 » (202) 223-5890

March 27, 1986

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

- California 2ir Resources Branch
P.O. Box 2815

Sacreamento, CA 65812

Re: Methylene Chloride

Dear Mr. Loscutoff:

We thank you for providing us the cpportunity to submit
health information on methylene chloride. We are enclosing a
variety of recent documents and articles which were not included
in your list of references. Please note that the last two
references listed are not enclosed. They are currently being
Cleared for outside release and should be sent within two weeks.

HSIA understands that this information will be used by the
State Department of Health Services in its process of considering
all avazileble scientific &ata in its evaluation of health effects
and recommendation as to whether or not methylene ~hloride should
be determined to be a toxic air contaminant,

A toxic air contaminant is defined in AB 1807 as:

An air pollutant which may cause or contribute to an
increase in mortality or an increase in serious
illpess, or which may pose a present or potential
hazard to human health.

HSI2 believes that methylene chloride does not cause adverse
health effects when used according to current industrial hygiene
guidelines or labeled instructions. Furthermore, there is no
scientific evidence to indicate that ambient concentrations of
methylene chloride cause or contribute to an increase in
mortality or an increase in serious illness, or which may pose a
present or potential hazard to human health. HSIA believes that
adequate scientific evidence exists to determine that methylene
chloride does not meet the above cefinition of a toxic air
conteminant and should not be identified as one.



We submit the following scientific information as the basis

for our conclusion that methylene chloride should not be
identified as a toxic air contaminant.

10

Two well-conducted epidemiologic siudies have been completed
on worker populations exposed to methylene chloride.

Neither study indicated a human cancer risk associated with
methylene chloride exposure. The most definitive study
compare the mortality rate of over 1,000 employees with
identified methylene chloride exposure to an unexposed worker
population. The findings of this study indicate that workers
to methylene chloride for a ninimum of 20 years znd observed
over 20 additional years actually had a decreased

incidence of cancer when compared to the New York State
control population. ‘

The other epidemiologic study of methylene chloride examined
the health and mortality of over 1200 employees expcsed to a
mixture of methylene chloride, ethanol, znd acetone in a
fiber production plant. The study showeé no excess mortality
cancer in the worke-s exposed to methylene chloride, even
though exposures had ranged uvp to 475 parts per million and
over 300 of them had been foilowed at least 17-1/2 years
after exposure. This study is highly relevant to an
understznding of the health risk posed by methylene chloride.

The only sites in which methylene chloride has produced
tumors are those sites in experimental rodents where the
tumors occur spontaneously in unexposed znimals (mouse lung
and liver tumors znd benicn mammary gland tumors in rats with
no progression to malignancy). The only exception is a low
but statistically significant incidence of ventral neck
region tumors in male rats only in one study. This respomnse
was reviewed and its relevance severely cuestioned by the
U.S. EPA Science Advisory Bozrd and at the Nutrition
Foundation Food Solvents Workshop on Methylene Chloride in
1984, Most importantly and of extreme toxicological
significance is the-fact that the ventral neck region tumor
response was not repeatable In the NTP Dioassay in rats in
any other species evaluated (mouse and hamster).

Methylene chloride has been evaluzted in numerous short~-term
in vitro tests, from microorganisms to mazmmazlian cells in
Culture, as well as in whole animal assays to determine its
genotoxic potential. Aside Zrom positive activity in certain
microorganisms (primarily bacterie), results in mammalian
cells and whole animals, have, Ior the most part, been
negative. A genotoxic component, if present at 21l in
exposed animgls is likely to be very weak to nil and not a
significant factor in the toxicity of methylene cnloride.
Thus the principle of practicel no-eflfect-levels should
2pply in azssessing risk for humzns.



Mechanistic studies have been conducted which provide
plausible hypotheses for the observed enhancement of
spontaneous tumors in animals exposed to high concentrations
of methylene chlorige (mouse lung/liver; cytotoxicity/physio-
logical stimulation: rat benign mammary gland; elevated
prolactin levels). HSIA believes that humans are not exposed
to levels of methylene chloride in the ambient environment
which could cause is chain of events to occur.

Furthermore, development of a pPhysiologically-based
Pharmacokinetic model for methylene chloride has confirmed
that markedly lower tissue levels of bioactive metabolites of
methylene chloride (lower internal dose) would be found in
humans than in experimental animals exposed to comparable
external concentrations of methylene chlorigde.

To summarize, HSIA believes that methylene chloride should

not be identified as a ‘toxic air contaminant. We have enclosegd
additional pertinent references to support this belief. 1In
addition we offer our cooperation in answering any questions
which might arise in this review of methylene chlorigde.

Please feel free to call me at (202) 223-5890.

Sincerely yours,

o

Pauvl Cammer, Ph.D.
Executive  Director

Enclosure



ADDITIONAL REFERENCES SUBMITTED TO
THE CALIFORNIZA AIR RESOURCES BOARD
ON METHYLENE CHLORIDE

Comments of HSIA before the U.S. Environmental Protection
Agency, Docket No. OPTS-62045: Methylene Chloride;
Initiation of Regulatory Investigation, December 16, 1¢85.

Comments of HSIA before the U.S. Environmental Protection
Agency, Regarding Docket No 1 OPTS-48503: Methylene
Chloride; Initiation of Accelerated Review Under Section
4(f) of the Toxic Substance Control act, Juely 15, 1985,

Letter of July 30, 1985 to Les M. Thomas from Drs. Griesemer
and Nelson, concerning the HaAD Addendum.

Anderson, M. E., Clewell, H. J. 11, Gargas, M. J., Smith,
F. A., and Reitz, R. H.,Physiologically-Based
Pharmacokinetics and the Risk Assessnenit Process for
Methylene Chlorige, Toxicol.Appl.Pharmacol. (submitted for
publication, Jan 1986).

Friedlander, B. R., Hearne, F. T., ang Pifer, J. W., 196¢
Methylene Chloride Cohort Mortality Study, Updated Through
1984, July 2, 1985, .

Friedlander, B. R., Hearne, F. T., Pifer. J. W., and Grose,
F. H., Epidemiological Evidence Regarding Methylene
Chloride, Presented zt the Winter Toxicology Forum,
Washington, D.C., February 18, 1986.

Food Sdlvents Workshop I: Methylene Chloride, Proceedings
of the Workshop, March 8-9, 1984, Bethesdz, MD.

Smith, M. N., Greenberg, S. D., znd Spjut, H. J., The Clara
Cell: A Comparative Ultrastructural Study in Mammals, Am.
J. Anat. 155:15-30 (1979).

Plopper, C. G., Hill, L. H., and Mariassy, ., T.,
Ultrastructure of the Noncilizted Bronchiolar Epithelial
(Clarz) Cell of Mammalian Lung. TIII. 2 Study of Man with
Comparison of 15 Mammalian Species, Exp. Lung Research
1:171-180 (1980).

Widdicombe, J. G. angd Pack, R. J., The Clazra Cell, Eur., J.
Respir. Dis. 63:202-220 (1882).



Gail, D. B. and Lenfant, D. J. M., State of the Art, Cells
of the Lung: Biology and Clinical Implications, Am. Rev.
Respir. Dis. 127(3):366-387 (1983). :

Schairer, L. A., Sautkulis, R. D, and Tempel, N. R.,
Detection and Identification of Genotoxic Agents in ambient

Air Using the Tradescantia Bioassay, Environ. Mutagenesis
4:379 (1982).

Te-Hsui, M. A., Harris, M. M., Anderson, V. 2., Ahmed, I.,
Mohammad, K., Bare, J. L. and Lin, G., Tradescantia --
Micronucleus (TRAD-MCN), Tests on 140 Health Related Agents,
Mutat. Research 138:157-167 (1984).

Abrahamson, S., and Valencia, R., Evaluation of Substance of
Interest for Genetic Damage Using Drosophila melanogaster
(1980), prepared for FDA Contract No. 233-77-2119.

Sivak, A., Capitals Balb/C-3T3 Neoplastic Transformation
Assay with Methylene Chloride (Food Grade Test
Specification), Report to National Coffee Association,
Inc., 1978.

Thilagar, A. K., Back, A."M., Kirby, P. E., Kumeroo, P. V.,
Pant, K. J., Clarke, J. E., KRight, R. and Haworth, S. R.,
Evaluation of Dichloromethane in Short-term In Vitro Genetic
Toxicity Assays, Environ. Mutagenesis 6:418-419 (1984).

Thilagar, A. K., Kumaroo, P. V., Clarke, J. J., Kott, S.,
Back, A. M. and Kirby, P. E., Induction of Chromosome Damage
by Dichloromethane in Cultureé Human Peripherial
Lymphocytes, CHO Cells and Mouse Lymphoma L35178Y Cells,
Environ. Mutagenesis ©:422 (1284).

Dutton, D. R. and Bowden, G. T., Indirect Induction of a
Plastogenic Effect on Epidermal Cells by a Tumor Promoter,
Carcinogenesis 6:1279-1284 (1985).

Henry, James, M.E., et. al., Force Breeding, Social Disocrder
and Mammory Tumor Formation in CBA/WSC Mouse Colonies: A
Pilot Study, Psychosomatic Mecicine 37(3):277-283 (1973).

Schumann, A. M., Nitschke, K. D., Fox, T. R. znd Watanabe,
P. G. (1%884). [14c] Methylene Chloride: pharmacokinetics
2nd interaction with hamster &nd rat tissue macromolecules.
Report of The Dow Chemical Co., Midland, MI, £8640.

Welsch, C. W. and Nagaswa, H. (1977). Prolactin and murine
mammary tumorigenesis: a review. Cancer Research 37,
851-963. !

Letter of July 18, 1984 to William D. Ruckelshaus from
Herschel E. Griffin and Nor<ton Nelson.
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chloride: effects on estrous cycling and serum prolactin

in Sprague-Dawley rats. Report of the Dow Chemical Co.,
Midland, MI 48640.

Breslein, W. J. and Landry, T (1386). Methvlene

Schuman, A. M. (1986). Perspective on the genetic
toxicology data base for methylene chloride. The Dow
Chemical Co., Midland, MI 48640,

Not enclosed. Currently being cleared for outside release.
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METHYLENE CHLORIDE PR ODUCERS ASSOCIATION

A CEFIC Sector Group

Conseil Européen des
Fécérations de I'industrie Chimique *

opezn Council of Chemical
Manulacturer's Federations

REPLIES TO: Dr M R Harris
Your Re!, Regulatory Affairs

. Imperial Chemical Industries PLC :
Our Ret. THYLENE CHLORIDE . :
ur Ret 36 ME LEN I Mond Division, PO Box 13 :
The Heath, Runcorn, WA7 4QF

CHESHIRE, Epgland .

|
Williazm V Loscutoff %
Chief of Toxic Pollutants Branch : i
Re: Methylene Chloride - -
Czlifornia Air Resources Board ;
PO Box 2815
Sacramento
Celiforrniz 95812
UeA
Your ref Our ref Date :

MRE/CL 04 Mar 86

Dear Sirs
METEYLENRE CELORIDE (=DICELOROMETHANE)

1 am writizg to you on behzalf of the Methylene Chloride Workgroup of the
European Council of Chemical Manufacturers® Federations (CEFIC) with regard
to your 5 February 1986 “Request for Information” regarding methylene
chloride.

This group has sponsored a 2-year progrzm of research on the species
differences in the mechanism of action znd biological transformation of
methylene chloride in a2n effort better to understand the marked species
differences in tumorigenicity as evidenced by a mmber of long temm i
bioasszys in the rat, the hamster and the mouse in which only the mouse §
shows clear evidnece of 2 czrcinogenic response = and this only at the high ;
doses of the recent NIP inhzlation bioasszy, and yet not at the similar :
internal doses of the recent NCA ingestion (drinking weter) bioassay. i
Further evidence suggestive of a species differemce - or a dose-response :
difference, or both - is provided by the human epidemiology (particularly

the 1985 and 1986 extensions of Friedlander’s studies at Kodak, NY). This ,
provides datz whiech (while ineyitably unable to "prove" 2 nmegative i
conclusion) mekes any significant human risk a highly improbable

hypothesis, 2nd whose most probable explznation (by far) is the hypothesis

of zero buwman risk.
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Our own studies are being conducted at the Central Toxicology Laboratory of
Imperial Chemical Industries FLC in England, with external scientific
monitoring and peer review b the Europezn Chemical Industry Ecology &
Toxicology Centre (ECETOC). The work will inm due course be published in the
scientific literature, and the laboratory studies zre fully open to
independent audit. The first stage of these studies has recently been
completed, and copies of the three full final reports are enclosed; this .
work has also recently been presented at Toxicology Forum in Washington DC

(February 1986) and at the Anpual Meeting of the US Society of,

Toxicologists in New Orleans (March 1986); it hzs 2lso been submitted to
EPA, FDA, CPSC and OSHA.

This stage of our work has included a 10-day inhalztion cytotoxicity study,
DNA binding studies, and unscheduled DRZ synthesis (UDS) studies (in vivo/
ip vitro 2nd in vitro) - in tbe B6C3Fl mouse and Fisher F344/K ra2t. We bave
found evidence of cytotoxicity to a specific cell type (the Claia cell) of
the mouse lung, but not in the rat lung noT in mouse or rat liver. Under
our experimental conditioms we found no evidence for DFA-binding or UDS,
strongly suggesting that under these copnditions there is no interaction
between methylene chloride or its metabolites znd mammzlizn DNA. This would
Le consistent with 2 non-genotoxic action of methylene chloride, not
necesszarily because of "instantaneous detoxification of a carcinogen"
(zpparently the only rationzle, zmong tke mamy possible, considered in the
Novermber 1985 Czlifornia DES carcinogen risk assessmeat guidelimes) but
more probably because (bearing in mind the existemce of at least two
jrdependent metabolic pathways, at lezst one of which is saturable) no
stzble genotoxic intermediates were generated.

The second phase of our work, now in progress anmd expected to complete
during the third quarter of 1986, is studying quantitatively the metabolic
pathways imvolved in mouse, rat, bzmster znd man. Collection of the
relevant pharmacokinetic data, and its incorporation into appropriate
pharmacokinetic models, should allow us to establish and quantify
interspecies differences in metzbolism, the existence znd level of any
thresholds and, more genmerally, the shape of possible dose-response curves
for comparison with animal bioassay findings, znd with the findings of
epidemiological studies.

It is our belief that this approach should assist the risk assessment
process by allowing the use of experimentzlly-determined znd scientifically
vzlid dose-response relationships, rather than simplistic limear
extrapolations between the high doses of zpnimz] bioassays and the much
lover levels of human exposure, and the even greater extrzpolation from
mouse to mzn under circumstances where the mouse £zils even to predict the
bioassay response of such other rodents as the rat and the hamster.

Yours sincerely

DR M R EARRIS W

Encs




DOCUMENTS ENCLOSED:

CEFIC

CEFIC

CEFIC

CEFIC
Liver

CEFIC

submission to EPA. 20 September 1985. Interim report.
submission to EPA. 13 December 1985. Interim report.
Research Report No: CTL/P/1432. 10 Day Inbalation Toxicity Study.

Research Report No: CTL/R/851. Interactiom with Rat and Mouse
znd Lung DNA In Vivo.

Research Report No: CIL/P/1444. In Vivo and Inm Vitro UDS Studies.
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5 835 Californiz St./San Francisco, CA 64108/ Tel. (415) 544-8311/Ceble "Stauffer”

"REPLY TO:
P.O.Box 7766
San Francisco, CA 84120

March 3, 1886

William V. Loscutoff, Chief
Toxic Pollutants Breanch

RE: Methylene Chloride
Californie Air Resources Board
P. 0. Box 2815

Sacramento, CA 85812

Dear Mr. Loscutoff:

Per your request, attached please find & copy of our Product
safety Information Sheet for Methylene Chloride.

Also, plesase be advised that &s of March 1, 1986, Stauffer
Cherical Company is no longer in the Methylene Chloride
business.

Sipcerely,

Wk,

w. 7J. Meier
Senior Technical Service Representative

‘Basic Chemicals Division

WIM:el
enclosure



Product Safety Information

METHYLENE CHLORIDE

This Product Safety Information Sheet is principally
directed to managerial, safety, hygiene and medical
personnel. The description of physical, chemica! and
toxicological properies and handling advice is based
on experimentai results and past experience. It is in-
tended as a2 starting point for the development of health
and safety procedures. :

Synonyms: Dichloromethane; Methylene dichloride
CAS Regisiry Number: 75-08-2

l. PHYSICAL AND CHEMICAL PROPERTIES
Formula

CH.Cl,

Formula Weight

84.84

Physical State/Description

Coloriess volatile liquid at 68°F (20°C), 14.7 psia
Autoignition Temperature

1224°F (B62°C)

Boiling Point

104°F (40°C)

Density

11 Ips/galion at 8°F (20°C)

Evaporation Rate

147 (Carbon tetrachloride = 1)

Expiosive Limits In Pure Oxygen

LEL: 13.5%; UEL: 66.4% -

Flammability Limits In Alr
12.8 10 18.1 [% volume at 212°F (100°C)]
Freezing Point
-142°F (-86.7°C)
Miscibility
Miscible with alcohol and ether
Odor -
Penetrating, ether-like, pleasantly aromatic, sweet odor
pH ’
Stightly alkaline (water extract)
Solubility
Soaringly soluble in water
[1.96 g/100g in water at 88°F (20°C))
Specific Gravity
1.326 21 68°F/68°F (20°C/20°C)
Vapcr Pressure
740 mmHg at 32°F (0°C)
350 mmHg at 68°F (20°C)
700 mmHg at 100°F (37.7°C)
Viscosity
0.£3 cp at 68°F (20°C)

IN CASE OF SUSPECTED POISONING,
REFER TO THE PROCEDURE AND EMERGENCY
CONTACTS IN SECTION VIHI: FIRST AID.

IN CASE OF SPILLAGE, REFER TO THE PROCEDURE
AND EMERGENCY CONTACTS IN SECTION X:
SPILL HANDLING OR CALL (CHEMTREC)

(800) 424-8300.

~

il. CHEMICAL REACTIVITY

Does not undergo hazardous polymerization. However,
2 serious chemical reaction, with the possibility of ex-
plosion, could result if halogenated hydrocarbon sol-
vents are used in pressurizable fluid systems having
aluminum or galvanized wetted parts. Prolonged expo-
sureto water at elevated temperatures (140°F/60°C) may
cause noticeable hydrolysis. May react vioiently or ex-
plode upon contact with alkali or chemically active
metals such as finely powdered aluminum, magnesium,
potassium and/or sodium.

Hl. STABILITY

table at ambient temperatures and atmospheric pres-
sure. However, exposure 10 high temperature sources
(such as open flame and weiding arcs) causes thermai-
oxidative decomposition yielding toxic phosgzne gas
and corrosive hydrogen chloride.

IV. FIRE HAZARD

Methylene chloride does not have 2 measurable flash
point by conventional test methods. It is not considered
flammable but forms flammable vapor/air mixtures at
approximately 212°F (100°C) or higher. Under fire condi-
tions, decompoeses to form toxic phosgene gas and cor-
rosive hydrogen chloride. -

V. FIREFIGHTING TECHNIQUE

Vapors are irritating to the respiratory tract and may
cause breathing difficulty and pulmonary edema. Symp-
toms may be delayed several hours or longer depending
upon the extent of exposure.

Asin any fire, prevent human exposure to fire, smoke,
fumes or products of combustion. Evacuate nonessen-
tial personnel from the fire area. Firefighters should
wear full-face, seli-contained breathing apparatus and
protective clothing.

Use standard firefighting techniques to extinguish
fires involving this material—use water spray, dry
chemicals or carbon dioxide. ,

If not leaking, use a water spray to keep fire-exposed
containers coolto prevent rupture due to excessive heat.
High pressure water hose may spread product from
brokencontainersincreasing contamination or fire
hazard.

VI. HUMAN HEALTH

WARNING: Vapor and liguid may be harmful if inhaled,
sweallowed, or absorbed by skin. Avoid pro-
longed or repeated breathing of vapor. May
cause skin and eye irritation. Avoid contact
with skin, eyes, and clothing.

The primary route of entry for methyiene chlorice is
irhalation.

Inhalation of large amounts of the vepor may cause
nausea, chills, headache, lightheadedness, drowsiness,
andirritation of the respiratory tract. Continued overex-
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pcsure may proguce unconsciousness, kidney and lung
camage. ang death.

Eye irritation and blurrec vision may result from eye
contact by the liguid or large quantities of the vapor.

Proionged skin contact with the liquid may cause
burns. Repeated skin exposures may produce dermatitis.

LONG TERM EXPOSURE: An epidemiological study
performed on 2 large group of male workers at an
Ezstman Kodak facility in New York, who were contin-
vously exposed 1o estimated TWA exposures of 30 - 125
ppm of methylene chioride for up to 30 years. has been
reporied. There was no increase in mortality among
exposed workers as compared to industrial controls and
the general New York State male population. ()

Vil. TOXICOLOGY

Ingestion

The acute oral LD50is 2,710 mg/kg in malerats and 2,330
mg/kg in female rats. A single oral dose of 2.150 mg/kg
produced mild depression ang 20 percent mortality in
male rats, and produced moderate to severe depression,
tremors and 40 percent montality in femaie rats. A single
oral Gose of 4,640 mg/kg resulted in dyspnea. ataxia, and
nzrcosis in female rats and 100% mortelity in maie and
female rats.

Skin Contact
The acute derma! LD50 is greater than 4,640 mg/kg in
rebbits. A single dermal epplication of 4,640 mg/kg
gdid not produce signs of toxicity in male or female
rahbits. Local eHects included a mild erythema and
moderate edema.

Mild to modereate irritant to rabbit skin {oliowing a
£-hour exposure.

Eye Contact -

A single ocular dose of 0.1 mL produced tacrimation.
inflammation, conjunctival edema. and &n increased
cornezl thickness (reversible). (2)

Inhalation

The acute inhaiztion LC30 is greater then 18.5 mg/L
{nominal concentration) in both male anc female rats.
A single 1-hour inhelation exposure of 18.5 mg/L (nomi-
nzl concentration) produced slight depression, moder-
zte ziaxia, anc ocular protrusion. The acute inhalation
LCEO in mice is epproximately 14,400 - 17.400 ppm.
Seven hour exposures to doses ranping from 13,000 -
17.000 ppm procduced atexiz, labored respiration, mus-
cular twitching, end narcosis. (3) ’

Monkeys, dogs, rabbits. guinez pigs 2ng rats exposed
to0 500 ppm for B hour/dey, 5 days/week, for 15 weeks
showerd 20% morality {in rats), and 2 slight increase in
eosinophils (rabbits). {3}

Monkeys, oogs, rats, and mice were continuously
exposed 10 25 or 100 ppm for 100 days. No overt signs
of siress were observed. The exposure produced: histo-
pzthological effects in mouse livers (100 ppm) and rat
kicneys (25 ancd 100 ppm): no significant findings in
hematology. clinical chemistry or histopathology in
 dogs anc monkeys; and significantly increasec carboxy-

hemoglobin in dogs and monkeys (monkeys 100 and 25
ppm, dogs 100 ppm). (3)

Rats and hamsters were expesed by inhelation 1o C,
500, 1,500 or 3,500 ppm of methylene chloride for 6
hours per day, 5 days a week for 2 years. No organ-
specific toxicity was observed in hamsters. Carboxy-
hemoglobin levels were elevated in hamsters and rats at
all dose levels, but this etfect was not cumulative. (4)

Histopathological effects in the liver were observed in
male and female rats at all dose levels and considered 10
be exposure-related. Despite these effects, there was no
increase in neoplastic (hyperplastic) liver nodules and
no increase in hepatocellular carcinomas. (¥)

Increased tota! numbers of benign mammary tumors
were seen in male and female rats, but no increase in
malignant mammary tumors was observed. There were
no significant lung tumor findings in any exposed group
compared to the controis. (4)

Male rats in the 3,500 ppm dose group exhibited 2 sig-
nificant increase in sarcomas in or around the salivary
glands. A significant increase in this finding was not
observed in males exposed at 500 or 1,500 ppm or any of
the exposed females. (%)

in 2 second study, mzle and female rats were exposed
10 0, 50, 200, or 500 ppm for 6 hrs/day, 5 days/week for 2
years. Additionzlly, one group of females was exposed
at 560 ppm for the first 12 months oniy, and another
group for the second 12 months only. (%)

A significant increase in histopathological effects in

the liver was observed in females exposed to 500 ppm for
2 years and to 500 ppm for the first 12 months. (%)
Mutagenicity .
Methylene chloride was examined for mutagenic activity
in in vitro microbial assays, with and without metabolic
activation, using the TA-100 and TA-98 strain of Sal-
moneliz typhimurium s the indicator organism. The
compound demonstrated mutagenic activity in both
assays. (¢)

Methylene chloride did not induce ¢hromosomal aber-
rations in a rat bone marrow assay. (4)

Methylene chioride induced celluiar transformation in
Fischer rat embryo cells. (7)

T-4054, T-4171, T-5628

Vill. FIRST AID

CALL A POISON CENTER OR
A PHYSICIAN IMMEDIATELY.

1f a known exposure occurs or is suspected, immediately
start the recommended procedures below. Simultan-
eously contact & Poison Center, 2 physician or the
nearest hospital. Inform the person contacted of the
type and extent of exposure, describe the victim's symp-
toms, and follow the advice given.

NOTE TO PHYSICIAN

Methylene chioride is meiabolized to carbon monoxide
and carbon dioxide. The resuliznt elevation of carboxy-
hemoglobin ievels is of short duration (e.g. usually less

(%) J. Occ. Med. 20 (10):657 (1878).

(2) Toxicol. 6:173-187 (1676).

() HEW (NIOSH) Publication No. 76-138.

{4) Burek, J. D. et. al (1980) Methylene Chioride: “A Two-Year
Inhalation Toxicity and Oncogenicity Study in Rats and
Hamsters." Final Report Issuec December 31, 1680 by Dow
Chemical, USA.

{5) Nitschke, K. D. et. al (1282} Methylene Chloride: "A Two-Year
Toxicity 2ng Oncogenicity Sivdy.” Finat Report Issued
October 11. 1982 by Dow Chemical, USA.

(%) Mut.Res. 56:245-248 (1578)

{7) In Vitro 14:280-283 (1978)
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than 48 hours) unless overexposure is prolonged.Inha-
‘ation of large amounts of methylene chloride may cause
cuimonary edema and could be fatal. Exposure to high
concentrations of methylene chloride may cause de-
prassion of the central nervous system,

FOR ADDITIONAL MEDICAL OR TOXICOLOGICAL
INFORMATION, CALL COLLECT, DAY OR NIGHT,
STAUFFER CHEMICAL COMPANY (203) 226-6602

OR CHEMTREC (800) 424-9300.

ingestion

If swallowed, immediately give several glasses of water
dut do notinduce vomiting. If vomiting does occur, give
fiuids again. Have a physician determine if condition of
patient will permitinduction of vomiting or evacuation of
stomach. Do not give anything by mouth to an uncon-
scious or convulsing person.

Sxin Contact

immediately tiush all affected areas with large amounts
ot water for at least 15 minutes while removing any
contaminated clothing and shoes. Do not attempt to
neutralize with chemical agents. Get medical attention
immedgiately. Wash clothing before reuse.

Zye Conlact _

immediately flush the eyes with large quantities of run-
ning water for a minimum of 15 minutes. Hold the eyelids
aoarnt during the flushing to ensure rinsing of the entire
suriece of the eye and lids with water. Do not atiempt to
neuiralize with chemical agents. Obtain medical atten-
ticinas soon as possible. Oils or ointments should not be
used. Continue the flushing for an additional 15 minutes
it the ohysician is not immediately available.

Inhalation

Femcve from contaminated atmosphere. Seek medical
cliention if respiratory irritation occurs. If the breathing
tecomes ditficult, oxygen may be delivered from &
demznd-type or continuous flow inhaler, preferably
with z physician’'s advice. If not breathing, give artificial
respiration, preferably mouth-to-mouth. Get medical
grienticn.

1X. INDUSTRIAL HYGIENE

Ingestion .
&lt{ood should be kept in a2 separate area away from the
si¢rage/use location. Eating, drinking and smoking
should be prohibited in areas where there is & potential
for significant exposure to this material. Before eating,
hznds and face should be thoroughly washed.

Skin Contact

Skin contact with liquid or its aerposol should be pre-
vanied through the use of suitable protective ciothing,
gloves anc footwear selected with regard for use condi-
110N expcosure potential.

- £ye Ccntact

Zve contact with liquid or its aerosol should be pre-
vented through the use of chemical safety glasses,
gopgies or a face shield selected with regerd for use
cendition exposure potential.

inhalation

If use conditions generate airborne liquid, aerosol ‘or
vzpor handle this material only in an open {e.g., outdoor)
orwellventilated arez. Where adequate ventilation is not
available, use NIOSH-approved organic vapor respira-
tors 1o reduce exposure. Where exposure potential
under the use conditions necessitates a higher levelof
protection, use & positive-pressure, air-supplied respi-
rator.

Exposure Limits

The Federal OSHA Permissibie Exposure Limit (PEL)is
en &-hour, time-weighted average of 500 ppm (1,700
mg/m®) and a ceiling concentration of 1,000 ppm for
methylene chioride. (8}

The American Conference of Governmenta!l industrial
Hygienists (ACGiH) has recommended a Threshold
Limit Value (TLV) of 100 ppm (380 mg/m®} as an 8-hour
time-weighted average, and a Short Term Exposure
Limit (STEL) of 500 ppm (1,700 mg/m®) for methylene
chioride. (8)

X. SPILL HANDLING

Mzke sure all personnel involved in the spill cleanup
follow good industriz! hygiene practices (refer 1o SEC-

. TIONIX: INDUSTRIAL HYGIENE). Any person entering

& significant spill arez or an unknown concentration of a
gas or vepor, should wear a positive-pressure, self-
conizined breething zpparatus or a positive-pressure,
supplied-zir respirator with escape pack.

Smael! spills can be handled routinely. Use adequate
ventilztion and wear & respirator to prevent inhalation
exposure. Wear protective clothing to prevent skin and
eye contact. Use the following procedures;

Evecuatespillarez end remove sources of combustion
or extreme heat. Ventilate the area and let small spills
evaporete. Somewhaet larger spills should be contained
enc recovered where possible. Mop up spiiled methylene
chloride or adsorb with 2 suitable adsorbent such as
clay. sawdust or kitty litter. Reclaim waste solvent by
Cistiliation procedures or offer for disposal to a licensed
hydrocarbon solvent reclaimer.

Large spills shoulc be handled according to & prede-
termined plan. For zssistance in developing a plan, con-
1zct Seufier Chemiczl Company, Westport, CT 06881.

IN CASE OF SPILL EMERGENCY, DAY OR NiGHT,
CALL (800) 424-8300
CHEMTREC.

Xl. CORROSIVITY TO MATERIALS OF
CONSTRUCTION :

In the absence of contamination by water or moisture,
methylene chloride is not corrosive 10 common materials
such as copper, iron or stainless steel. In contact with
water or moisture, pariicularly at elevated temperatures,
it can be corrosive. Methylene chloride may soften or
dissolve certain plastics and rubbers. Avoid contact with
zlkali or chemiczlly active metals because an explosion
may occur (See SECTION 11: CHEMICAL REACTIVITY).

(+; 28 CFR 1810.1000

(*) The American Conierence of Governmental Industrial
Hygienists (ACGIH). 1882. Threshold Limit Values for chem-
1cel subsiences enc physical agents in the workroom
enwvironmen: with inienoec changes for 1982,
ACGIH: Cincinnati. Ohio.



X1l. STORAGE REQUIREMENTS

Contsiners shouid be stored in a cool, dry, well venti-
lated area away from flammable materials and sources
of heat or {lame. Store away from foodstuffs or animal
feed. Exercise due caution to prevent damage 10 or
leakage irom the container.

Avoid airborne conceniration buildup. No smoking’

where vapors of this material are preserit. Open con-
tainers with caution. :

When methylene chioride vapors are drawn into the
combustion chamber of a space heater, even at low
levels, severe corrosion damage to the heater canoccur.

Xliil. DISPOSAL OF UNUSED MATERIAL

Material that cannot be used or chemically reprocessed
should be disposed of at an approved facility in accor-

dance with any applicable regulations under the Re-
source Conservetion and Recovery Act.
NOTE: State and local regulations may be more strin-
gent than Feoeral.
Cor:act the nearest Stauffer Sales Office for assis-
tance in disposing of unused material. Waste material
car be sentto a licensed hydrocarbon solvent reciaimer.

X1V. DISPOSAL OF CONTAINER

Dispose of empty containefs according to any appli-

cztle regulations unger the Resource Conservation and

Recovery Act.

NOTE: State and local regulations may be more strin-
gent than Federal.

XV. ENVIRONMENTAL PRECAUTIONS
Avoid runoff to sewers.



Chevron Environmental Health Center, Inc. 42\47 / Ay cJJ L/

A Chevron Research Company Subsidiary \r\\

15288 San Pablc Avenue, Richmond, California

Mail Address. P.O. Box 4(54, Richmong, CA 94834 }\;\ r))j

R. D. Cavalli "})b \\?

Product Evaluation

Manage A Q \ [td

February 24, 1986 \.b N

L.

Methylene Chloride - \}

William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P.0. Box 2875

Sacramentc, California 95812

Dear Mr, Loscutoff:

AS per your request, in accordance with Health and Safety Code Sections 39650,
et seq., we have reviewed our files on the health effects of methy1ene
—Fﬁor1de We have no relevant "in-house" data on methylene chloride, but feel

the following references may be useful additions to the b1b11ography for the
Department of Health Services:

1. Heppel, L. A., Neal, b. R., Perrin, T. L., Orr, M. L.
Porterfield: Toxicology of Dichloromethane (Methy1ene
Chloride). I. Studies on Effects of Daily Inhalation.
J. Ind. Hyg. Toxicol. 26: 8-16, 1944,

2. Heppel, L. A., ‘Neal, P. A.:  Toxicology of Dichloromehtane
(Methylene Chloride). . Its Effect Upon Running Activity in
the Male Rat. J. Ind Hyg Toxicol. 26: 17-21, 1944

Thank you for the opportunity to contribute to the review of candidate toxic
gir contaminants. oo

Sincerely,
/QD M'/G-FS/{



;lew York State Department of Environmental Conservation
"3 '‘¢olf Road, Albany, New York 12233-0001

RECEIVED
Mr. Peter Venturini
Chief
Stationary Source Division MAR 11 ‘CBB
State of California : -
Lir Resources Board Siztioncry Source
1102 Q Street Civisizn
P. 0. Box 2815 . £ Rescurces Bosrd

Sacrzmento, California 95812
Dezr Mr. Venturini:

This is in response to your letter of February 5,.1986 in which you
requested information om the health effects of methylene chloride. At this

Henry G. Williams
Commissioner

time, we are conducting a quantitative risk assessment by applying statistical

models to the biocassay data obtazined from the inhalation study completed
by the Natiomal Toxicology Program (NTP) in 1985. In addition, we will be
completing a search of the same references which were included with your
letter. -

When we have completed this risk zssessment, we will be glad to send
you & €oOpy.

Sincerely,

Yogitn M o2

Virginiz M. Rest
Environmentzl Chemist
section of Toxics Assessment
Bureau of Air Toxics

VMR:¢b
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Health Effects References for Methviene Chloride (1/28/198¢&)
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8) Angelo MJ , Pritchard AB t*Simulations of methylene chloride
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ATTACHMENT III

During 1985, the ARB performed sampling for methylene chlorige
at twenty-two sites in seven air basins. The maximum concentration
of methylene chloride measured was 47.0 ppb; the minimum
concentration was below the detection limit of 0.6 ppb. Average
concentrations at the monitoring stations range from 0.3 ppb at
Merced to 5.6 ppb at Santa Barbafa.- The average concentration for
all samples taken during 1985 at five sites in the South Coast Aié.
Basin is 3.7 ppb.

The major uses of methylene chloride are as a paint remover,
degreaser, aerosol propellent, and foam blowing agént. Potential
point sources are vapor degreasing and cold cleaning solvent
operations, polyurethane foam production facilities, and photo
resist stripping operations associa“ed with the electronics
industry. Widespread emissions of methylene chloride occur through
its use in consumer products such as aerosol sprays and paint and

varnish removers.
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Memorandum
To Jezmes 3oyé ) Dote : September 29, 1986
Executive Officer i
Air Resources Board . Subject: Request for Extension
11C2 Q Street of Methylene Chloride
Sacramento, Ci 95814 Evaluation
Air Resources board
F P = - : - DiE©EE;1'7;§‘
rom : Ofiice oi the Director ﬂﬁ = ZD
714 P Street, Room 1253 . OCT1 1986
Secramento, Ch r L6650
5-1248 7;2 Ao
We are unable t0 ccmplete the AS 1807 dczument on methylenme chloride due on
Julv 1%, 1986. Therefore, we are requesting the statutcry 30-cday extension
pius an additional 60 days to October 12, 1986. Much of this document has been
performed under contract. Department stzZf have reguested the contractor to
mexe extensive changes to the draft, whizh rnecessitates the need for this
extension.

¥enneth W. XKizer, M.D., M/é.H.
Director



